This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representation of 
The original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP. BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARJK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



(12) 



Eur patsches Patentamt 
European Pat nt Office 
Off ice europ^en des br vets (11) EP 0 514 830 B1 

EUROPEAN PATErrr SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
03.05.2000 Buiietin 2000/18 

(21) Application number: 92108420.8 

(22) Date of filing: 1 9.05.1 992 



(51) lnt.Cl7: C12N 15/57. C12N 9/50, 
C12N 15/38, C07K 14/00, 
G01N 33/571, Q01N 33/53, 
01 2Q 1/68, A61K 38/55 



(54) Use of a herpes protease 

Verwendung einer Herpesprotease 
Utiiisation d'une protease d'herp^s 



(84) Designated Contracting States: 

AT BE OH DE DK ES FR GB GR iT Li LU MC NL 
PTSE 

(30) Priority: 24.05.1991 US 705814 
07.02.1992 US 832855 

(43) Date of publication of application: 
25.11.1992 Buiietin 1992/48 

(73) Proprietor: 

ARCH DEVELOPMENT CORPORATION 
Chicago, liiinois 60637 (US) 

(72) Inventors: 

* Rolzman, Bernard 
Chicago, liiinois (US) 

• Liu, Fenyong 
Chicago, Illinois (US) 

(74) Representative: 
Brown, John David et al 
FORRESTER & BOEHMERT 
Franz-Joseph-Strasse 38 
80801 iViunchen (DE) 



cn 
o 

CO 
GO 



in 
o 

LU 



Ref #31 

2805/5 (PHA 4166 .5) 
Moorman et al . 
Express Mail No. 
EL801508119US 



(56) References cited: 
DE-A- 3 800 233 

• JOURNAL OF VIROLOGY voL 65, no. 1, January 
1991, BALTIMORE, US pages 206 - 212 F LIU ET 
AL. Hie promoter, transcriptional unit, and 
coding sequence of herpes simplex virus 1 
family 35 proteins are contained within and in 
frame with the UI26 open reading frame' 

• JOURNAL OF VIROLOGY vol. 65, no. 1, January 
1991, BALTIMORE, US pages 206 - 212 F. LIU ET 
AL. TTie promoter, transcriptional unit, and 
coding sequence of herpes simplex virus 1 
family 35 proteins are contained within and In 
frame with the UI26 open reading frame' 

• JOURNAL OF CELLULAR BIOCHEMISTRY 
SUPPLEMENT , PARTG vol. 0, no. 15, 1991, US 
page 138 A.R. WELCH ET AL. 'Proteolytic 
processing of the cytomegalovirus assembly 
protein: Is a viral gene responsible?' 

• JOURNAL OF VIROLOGY vol. 65, no. 10, 
October 1991, BALTIMORE, US pages 5149 - 
5156 F. LIU ET AL The herpes simplex virus 1 
gene encoding a protease also contains within 
its coding domain the gene encoding the more 
abundant substrate' 

• PROCEEDINGS OF THE NATIONAL ACADEMY 
OF SCIENCES OF USA. vol. 88, no. 23, 
December 1 991 , WASHINGTON US pages 1 0792 
- 10796 A.R. WELCH ET AL. 'A herpesvirus 
maturational proteinase, assemblln: 
identification of its gene, putative active site 
domain, and cleavage site' 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until th opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Prtntod by Xerox (UK) Business Servicos 
2.16.7 (HRS)/3.6 



(Cont next page) 



EP 0 514 830 B1 



JOURNAL OF VIROLOGY vol 49, no. 3, March 
1984, BALTIMORE, US pages 947 - 959 L.E. 
HOLLAND ET AL. *lt^nscrlptlonal and g netic 
analyses of th herpes simplex virus type 1 
genome: CO rdinatesO^t 0.45* 
JOURNAL OF GENERAL VIROLOGY vol. 71, 
no. 4, 1 990, READING, BERKS, GB pages 841 - 
850 A.M. GRIFRN ET AL. 'Analysis of the 
nucleotide sequence of DNA from the region 
of the thymidine Idnase gene of Infectious 
laryngotracheitis virus; potential evolutionary 
relationships between the herpesvirus 
subfamilies' 



- JOURNAL OF GENERAL VIROLOGY VOL 69, 
1988, READING, BERKS, GB pages 1531 - 
1574 D.J. MCGEOCH ET AL. The c mplete 
DNA sequence of the long unique region In th 
genome off herpes simplex virus type V 

• BIOSIS PREVIEWS, BIOSIS, PHILADELPHIA, 
PA, US. ABSTRACT Na 89067899 L BJORCK 
ET AL. 'Cystatin C a human proteinase 
inhibitor blocks replication of herpes simplex 
virus' 



EP 0 514 830 81 



Description 

[0001] The present invention relates to the use of the U^26 open reading frame gene product of Herpes Simplex 
Virus 1 as a protease. The present invention also relates to methods of determining the ability of a canditate substance 
to modify the action of said protease and the use f inhibitors of the protease encoded by the U|_26 open reading frame 
for the manufacture of a medicament for the treatment of a herpes infection. 

Viral InteOigns Pq^q Majgr Health Probl^m^ 

[0002] Treatment and prevention of viral infections is a major medical goal. To understand the state of the art In 
developing methods of treating and preventing viral infections, it Is important to understand tiie structure and function 
of infectious virus. A virus is a small genetic element that contains either single or double-stranded DNA or RNA and 
can alternate between two distinct states: intracellular and exfracellular. A virus is a obligatory intra-cellular parasite that 
cannot reproduce by itself. In effect tiie virus takes over the biosynthetic machinery of the host cell and uses it for viral 
synthesis. Some of the protein products of tiie viral DNA are special enzymes or inhibitory factors that stop host cell 
metatx)lism. but most viral-encoded proteins are used in the consfruction of new virions. Protein synthesis is directed 
t>y tiie virus to produce necessary components for its replication and packaging, e.g. the capsid. These components 
must be assembled in an order depending on tiie virus, and new particles must escape from tiie cell if tiiey are to infect 
other cells. 

[0003] The general steps of the intracellular viral replication (lytic cycle) are: 

1 . attachment of the virus to a host cell (absorption); 

2. penetration of the virus or its nucleic acid into the host cell; 

3. replication of tiie viral nucleic acid; 

4. production of viral proteins and other essential components; 

5. assembly of viral nucleic acid and protein components; and 

6. release of mature virion particles from the host cell. 

[0004] The overall result of the lytic cycle is new virus particles and dead host cells because the virus has appro- 
priated the vital forces of the host. In certain types of infection, such as that caused by herpes, there may be a latent 
period wherein the virus resides in tiie host cell. 

[0005] Elucidation of viral genetic systems opens the door to investigations on the mechanisms of viral infection 
and replication which are not simply of academic interest, but are directed toward detection, prevention, and treatment 
of viral caused diseases. Host resistance to viral infection may occur tiirough absence of a viral-receptor site to prevent 
attachment of the virus to tiie host cell; desfruction of the viral nucleic acids after they are injected into tiie host cell, for 
example, by cleavage of viral nucleic acids by host enzymes; inhibition of essential viral protein synttiesis; or destruction 
of viral proteins after tiieir formation in the host cell. 

[0006] Development of antiviral drugs to sipplement natural resistance is a m^or commercial objective whose goal 
is to counteract tiie devastating effects of many viral infections on humans. Unfortunately, treatments available to date 
are inadequate for most types of virus. For example, interferons are cellular antiviral substances, low molecular weight 
proteins, that prevent viral multiplication. However, interferons tend to be host specific, not viral specific, and have no 
effect on host cells already Infected. Also, ttiey can be toxic at high concentrations. 

[0007] The target of antiviral drugs may be enzymes uniquely specified by tiie virus. For example, a major target for 
attack on HIV infections which cause AIDS, is tiie enzyme reverse transcriptase. Inhibiting this enzyme effects blockage 
of viral replication. Unfortunately, resistance develops to tiiese drugs, e.g. to ATT, and is a major limitation of such treat- 
ment. The anti-herpes simplex virus drugs currentiy on tiie market are directed against enzymes which syntiiesize viral 
DNA (e.g. acyclovir). Because of emergence of resistance to these drugs, tiiere is considerable interest in new targets. 
[0008] Production of viral proteins is of particular interest as a stage where the virus may be attacked. In tiie extra- 
cellular or infectious state, the basic sti'ucture of viruses consists of a nucleic add core sun'ounded by proteins 
(nucleocapsid). Some viruses also have an envelope that is external to the nucleocapsid, and contains lipids and pro- 
tein. The protein coat is called the capsid. Many different proteins may constitute tiie capsid, depending on tiie virus. 
Some viruses encode 3-10 proteins, others more than 200. Virus particles are called virions ; tiieir role is to protect the 
viral nucleic acid when transferred from the cell in which it replicated to a new host cell. After transfer to tiie host cells, 
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the viral intracellular state begins, and replication of the vims Is potentiated. A nuniber of non-herpes viruses appear to 
express proteases with cleavage site specificity which are potential targets for therapeutic inten/ention. However, no 
such protease has previously been identified for the herpes virus, a particularly widespread infectious agent for which 
treatment and prevention metiiods are grossly Inadequate. 

5 

The Herpes Family 

[0009] The family o1 herpes virus includes animal viruses of great clinical interest because they are the causative 
agents of n^ny diseases. Epstein-Barr virus has been implicated in cancer initiation; cytomegalovirus is the greatest 

10 infectious threat to AIDS patients; and Varicella Zoster Virus, is of great concern in certain parts of tiie world where 
chicken pox and shingles are serious health problems. A worldwide Increase in the incidence of sexually transmitted 
herpes simplex (HSV) infection has occurred in the past decade, accompanied by an increase In neonatal herpes. Con- 
tact with active ulcerative lesions or asymptomatically excreting patients can result in transmission of tiie infective 
agent. Transmission is by exposure to virus at mucosal surfaces and abraded skin, which permit the entry of virus and 

15 the initiation of viral replication in cells of tine epidermis and dermis. In addition to dinicalty apparent lesions, latent infec- 
tions may persist, in particular in nerve cells. Various stimuli may cause reactivation of tiie HSV infection. Consequentiy, 
this is a difficult infection to eradicate. This scourge has largely gone unchecked due to the inadequacies of treatment 
modalities. 

20 Heroes Simplex Virus (HSV) 

[0010] Herpes simplex viruses subtypes 1 and2(HSV-1, HSV-2), are herpes viruses that are among the most com- 
mon infectious agents encountered by humans (Corey and Spear, 1986; Whitley, 1990). These viruses cause a broad 
spectrum of diseases which range from relatively insignificant and nuisance infections such as recurrent herpes simplex 

25 labialis. to severe and life-tiireatening diseases such as herpes simplex encephalitis (HSE) of older children and adults, 
or the disseminated infections of neonates. Clinical outcome of herpes infections is dependent upon eariy diagnosis 
and prompt initiation of antiviral therapy. However, despite some successful therapy, dermal and epidermal lesions 
recur, and HSV infections of neonates and infections of the brain are associated with high morbidity and mortality Ear- 
lier diagnosis than is currentiy posable would improve therapeutic success. In addition, Improved treatments are des- 

30 perately needed. 

[001 1 ] Extrinsic assistance has been provided to infected cells, in particular, in the form of chemicals. For example, 
chemical inhOdition of herpes viral replication has been effected by a variety of nucleoside analogues such as 5-f luoro- 
deoxyuridine (FUDR), S-lododeoxyuridine, 5-iododeoxyuridine, thymine arabinoside, and tiie like. 
[0012] Some protection has been provided In experimental animal ntodels by polyspecific or monospecific anti- 
35 HSV antibodies. HSV-primed lymphocytes, and cloned T cells to specific viral antigens (Corey and Spear, 1 986). How- 
ever, no satisfactory treatment has been found. 

[0013] Proteases have not been identified in the herpes viruses, but there is some knowledge of tiie biology of the 
herpes virus family Herpes viruses are double stranded DNA viruses that replicate in host cell nuclei. The herpes virbn 
is constituted from over 30 different proteins which are assembled within the host cell. About 6-8 are used in the capsid. 

40 The preferred host cells for herpes viruses are vertebrate cells. 

[0014] The herpes simplex virus 1 (HSV-1) genome specifies an abundant capsid protein complex which in dena- 
turing gels forms multiple bands due to different molecular weights of tiie component proteins. Some preliminary iden- 
tification of these proteins has been reported. A set of herpes simplex virus 1 (HSV-1) capsid proteins was reported by 
Gibson and Roizman (1972, 1974). A genetically and immunologically related family of viral capsid proteins identified 

45 by their migration bands in denaturing gels has been designated infected-cell proteins 35(ICP35). (Braun et al., 1983, 
1 984) At least four major and a number of minor bands in one-dimensional denaturing polyacrylamide gels, and numer- 
ous spots in two-dimensional gels, have been reported. 

[0015] Braun et al. (1984) using a panel of monoclonal antibodies exemplified by H745 reported that ICP35 pro- 
teins are processed post-translationally into at least 6 species (ICP35a,b.c,d,e,f) differing in electrophoretic mobility on 

so SDS polyacrylamide gels. Altiiough characterized by different molecular weights, this group of virus polypeptides are 
detected by the same monoclonal antibodies and are coded by a region In the HSV-1 genome. Empty capsids do not 
contain these polypeptides. A set of proteins possibly analogous to ICP35 was reported by Preston et al. (1983). 
[0016] Nucleotide sequencing has been performed on the HSV-1 genome, and attempts, generally unsuccessful, 
have been made to correlate various capsid proteins to sequences of the genome. For example, It has been proposed 

55 that the ICP35 proteins are encoded by the open reading frame designated Ul26 (McGeoch, et al., 1988). In the 
present invention it is shown that tills prediction was incorrect or at least incomplete. Cmde mapping of the region 
encoding ICP35 was attempted by Braun et al. (1984) on the basis of the analysis of HSV-1 x HSV-2 intertypic recom- 
binants. These autiiors proposed tiiat ICP35 is encoded by a region located betw n tiie g nes specifying tiiymidine 
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kinase (11^23) and glycoprotein B (Ui_27]. This is not a very specific prediction because it covers an area now known to 
include four genes. 

[001 7] The present invention resulted from a successful search for a new virus target for therapy. The search began 
by choice of the HSV-1 ICP35 protein family as a substrate. A protease target for antiviral ch motherapy, in particular, 
5 as applied to herpes virus infections, was identified in this fashion. Methods of preparing and detecting the protease, 
methods for selecting inhibitors of the protease, as well as detection and treatment protocols based on inhibiting the 
protease, are also disclosed. The finding of similarity between the gene for the herpes protease in HSV-1 and that in 
human cytomegalovirus indicates that the disclosure is broad applicable to all herpesvirus, including HSV. CMV, EBV 
andVZV. 

10 [0018] There is disclosed the identification, purification and manipulation of viral proteases for the development of 
methodology and compositions for the treatment and prevention of viral Infections. The disclosed proteases may be fur- 
ther defined as serine proteases with the properties expected of this category of protease. A serine protease is an 
enzyme which catalyzes the hydrolysis of peptide bonds, and typically have a serine residue at the active site. (White, 
Handler and Smith, 1973). Serine proteases also typically include an arrangement of a triad of catalytic residues, that 

15 are somewhat removed from one anottier in the linear an'angement of amino acids, but brought together as a 'Y^roteo- 
lytic cleft" in the properly folded protease. Various difference have been observed in this catalytic triad from protease to 
protease. For example, in both trypsin and subtilisin serine proteases. Asp, His, and Ser are the amino acids of the cat- 
alytic triad. However, in trypsin-like serine proteases, they are arranged His, Asp, Ser, whereas subtilisin-like proteases 
are an^anged Asp, His, Ser. There are also differences in the relative spacing of these key residues, in addition, tiiere 

20 are other evolutionarily conserved features of tiiese proteases which allow them to be identified as serine proteases 
and subsequentiy classified. The presence of the catalytlcaily important Asp, His, and Ser residues are the crucial tests, 
however, for membership and classification in the serine proteases. 

[0019] The proteases appear to be essential for development of the capsid of the virus. Consequentiy, inhibiting the 
protease action will lead to disruption of the lytic cycle of the virus. Obviously, such proteases are optimal targets for 

25 antiviral therapy In particular, tiie target is useful for attacks on ttie herpes virus for which no protease has heretofore 
been reported. The present disclosure relates more particulariy to the identification, purification, and manipulation of 
herpes serine proteases, and to the use of inhibitors of the proteases to detect and treat herpes infections. 
[0020] In an illustrative embodiment, a protease has been purified from HSV-1 , a subtype of the herpes simplex 
virus. The apparent molecular weight of this protease as determined by SDS-polyaaylamide PAQE get electrophoresis 

30 is approximately 75-85kd, generally about BOkd. The herpes protease is further characterized as having an amino acid 
sequence of approximately 450-635 amino acida However, these ranges are flexible. For example, the 635 amino acid 
sequence may have at least 329 amino acids removed from its carix)xyt end and still maintain its serine protease activ- 
ity. In tiie 635 amino acid embodment tiie protease cleavage site is located at a position about 18-25 amino acids from 
the carboxyl terminus, preferably about 20 amino acki from the carboxyl terminus. The proteases are obtained either 

55 from cells injected with HSV-1 and 2, cells transfected with a DNA sequence encoding tiie protease, or in purified form 
by being synthesized in vitro or in cell free systems, using a reticulocyte lysate, for example, from a rabbit. After synthe- 
sis of the protein, tiie protein will migrate as a single band on a denaturing gel and is readily detected with ^S labelled 
methionine. After about 5 hours of protein syntiiesis, two bands will result. As demonstrated in subsequent sections, the 
second band is a self-cleavage product of the first 

40 [0021 ] Characteristics of this protease include: (i) ct contains four domains, several of which are not required for its 
catalytic activity and (ii) tiie active site is near the amino terminus of the protease. Mutations involving amino acid sub- 
stitutions, deletions, insertion of stop codons or of 20 amino acid stretches into tiie protease have delineated tiie dis- 
pensable domains No. I and No. IV at the amino and carboxyl domains of the gene. The essential carboxyl-proximal 
domain of No. Ill can be separated from the essential amino proximal domain of No. II by at least 20 amino adds and 

46 the protease will remain functional. 

[0022] The amino proximal domain is the mosi conserved region among Varicella-zoster virus and human cytome- 
galovirus homologues of Ul26. Of tiie conserved aspartic acid, histidine, or serine amino acid codons tested in tiiis 
domain, only the histidine residues 61 and 148 could not be replaced without inrpairment of the proteolytic activity of 
the protease. Three dimensional crystal structure analyses may provide further insight into tiie structure of the active 

50 Sites (Skalka, 1989). 

[0023] The present disclosure also relates to nucleic add segments which are capable of coding for the herpes pro- 
teases described herein. In an illustrative embodiment, extensive manipulation of nucleic acid sequences within the 
HSV-1 genome has revealed the secrets of viral mechanisms and allowed isolation and purification of useful nudeic 
add segments and their expression products. Examples of such manipulation indude incorporation of selected seg- 
55 ments of the nudeic acid sequence witii appropriate promoters and tracers into plasmids to determine the actions and 
interactions of the gen tic regions, their expression products, and mechanisms of control over their expression. 
[0024] Also disdosed is the coding domain in the nudeic add segment for tiie family of herpes simplex virus 1 cap- 
sid proteins designated ICP35. This newly defined coding region has been designated Ul26.5. In an illustrative embod- 
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iment of the coding sequence for 1CP35 proteins, the segment has been demarcated by the restriction endonudease 
cleavage sites Hpa-I and Pst-I. These two cleavage sites are located at map positions +832 and +2761 . These map 
locations are defined as distances from the transcription Initiation site of the U|_26 open reading frame In the HSV-1 
genome. This position has been designated +1. The gene coding for the ICP35 proteins also comprises those 
5 sequences that are downstream from the Kpnl site which is at map position +2104, and continue all the way to a poly 
A site at position +2138. 

[0025] The nucleic acid segments in the present disclosure are furtiier defined as having overlapping open reading 
frames for the protease and the ICP35 proteins (FIG. 2). These overlapping segments are "S'co-terminal." The first seg- 
ment, the longer of the two, codes for a first protein. This first protein has a molecular weight of approximately 75-85kd. 

10 The second open reading frame, tiie smaller of the two overlapping open reading frame sequences encodes a second 
protein that has an apparent approximate molecular weight of 40-55kd as determined by SDS polyacrylamide gel elec- 
trophoresis, preferably 45kd. The first protein is defined to encode a proteolytic module which is capable of cleaving an 
amino acid sequence in accordance with serine protease action. The substrate capable of being cleaved may be either 
the protease sequence itself that is encoded by the U|_26 gene, or the ICP35 precursor proteins, which have previously 

IS been designated ICD35 c, d based on migration in one and two dimersional gels. Insertion of a 20 amino acid epitope 
does not preclude cleavage. 

[0026] A nucleic add segment, either DNA or RNA. coding for the second protein indudee approximately 990 base 
pairs in an HSV-1 embodiment In certain applications, the segment encoded need indude only the sequences which 
upon cleavage will yield ICP35 e and f. In other applications, only the deavage site per se may be desired to be 
20 encoded, for example in the candidate inhibitor assay described subsequentiy. In an exemplary embodiment, tiie 
nudeic acid segment indudes those segments essentially as set forth in FIG. 1 A, line 5, of the present specification, or 
its functional equivalent. 

[0027] As used herein, functional equivalents are intended to refer to tiiose enzymes, and their encoding nucleic 
acid sequences, in which certain structural changes have been made but which nonetiieless are, or encode, catalyti- 

25 cally active proteases capable of deaving ICP35. It is generally known in the art that modifications and/or changes may 
be made in the structure of proteins £md still obtain a molecule having like or othenwise desirable characteristics. Thus, 
certain amino acids may be substituted for other amino acids in a protein structure witiiout appredable loss of Interac- 
tive binding capacity with, for example, substrate molecules or specific antDxxJIes. Since it is the interactive capacity 
and nature of a protein that defines tiiat protein's biological functional activity, certain amino add sequence substitu- 

30 tions can be made in a protein sequence (or, of course, its underlying DNA coding sequence) and nevertiieless obtain 
a protein with like properties. It is thus contemplated by the inventors that vsirious changes may be made in the herpes 
protease DNA or protein sequences without appredable loss of their biological utility or activity. 
[0028] In making such changes, tiie hydropathic index of amino adds may be considered. The importance of tiie 
hydropathic amino acid index, i.e. hydrophobidty and charge characteristics, in conferring interactive bidogic function 

35 on a protein is generally understood in the art (Kyte et al., 1982). For example, it is known ttiat certain amino acids may 
be substituted for otiier amino acids having a comparable hydropathic index or score, e.g. generally +A 1 . and still retain 
a similar biological activity. The relative hydropathic character of the amino acid is believed to determine the secondary 
structure of the resultant protein, which in turn defines the interactk)n of tiie protein with substa'ate molecules. Thus, for 
example, it is proposed tiie isoleudne, which has a hydrophatic index of +4.5, can be substituted for valine (+4.2) or leu- 

40 cine (+3.8), and still obtain a protein having similar biologic activKy. Alternatively, at the other end of the scale, it is pro- 
posed that lysine (-3.9) can be substituted for arginine (-4.5), and so on. 

[0029] Amino add substitutions are generally therefore based on the relative similarity of the side-chain sut)strtu- 
ents, for example, size, electrophilic charader, charge, and the like. Exemplary substitutions which take various of tiie 
foregoing characteristics into consideration are well known to those of skill in tiie art and include, for example: alanine, 
45 glydne and serine; arginine and lysine; glutamate and aspartate; serine and threonine; and valine, leudne and isoleu- 
cine. 

[0030] Nucleic acid sequences of the present disclosure are also useful as hybridization probes, which will in turn 
have a number of applications. Hybridization probes may be employed, e.g. , to select mutant gene clones from libraries, 
in the preparation of antisense molecules (e.g., stabilized antisense RNA molecules), as PGR primers and probes, to 

50 name just a few of many applications that involve hybridization as applied to (or in addition to) protein encoding capa- 
bility. Of course, useful hybridization probes may be prepared in virtually any lengtti, depending on tiie intended appli- 
cation and hybridization conditions. For example, probes as small as 10 to 14 nudeotides in length can nevertheless 
be expected to form a stable hybrid with a template molecule, so long as the hybrkfization conditions are appropriate 
for tiie degree of sequence homology between the probe and tiie template. Similarly, nfx>lecules ranging in lengtii up to 

55 that sufficient to encode a gene, or even multiple genes, may be employed as hybrklization probes. 

[0031] In any event, in preferred embodiments nucleic acid molecules useful as hybridization probes or primers, 
may range in size from, e.g., 10-14 to 20, 30, 40 or 50 or so nudeotides, up to 100. 200. 500 or even 1000 or 2000 
nudeotides in lengtii. depending on the intended application and hybridization conditions. 
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[0032] Thus, nucleic acid 8 gmerrts may include a sequence either smaller or larger than those illustrated in FIQ. 
1 , for example, it may correspond to an approximately 14 nucleotide base pair long region which is capable of hybridiz- 
ing to the nucleic acid segments of FIG. 1 under stringent conditions. Small segments such as this may be used as 
probes to detect the presence of the protease coding region. 

5 [0033] A nucleic acid segment may also be a mRNA sequence for the protease or the ICP35 proteins. The mRNA 
fa the latter is transcribed at approximate nucleotide position +1000 (a designated distance from the herpes Ul26 tran- 
scription initiation site which is designated +1) to position +2138. An mRNA is translated from the methionine initiation 
codon which is located at +1099. Smaller or larger segments are also contemplated depending on the use to which the 
segment is employed. These mRNA segments are useful to synthesize the ICP35 cleavage site. 

10 [0034] Various nucleic acid segments within the herpes genome have been isolated and cloned. A nucleic acid seg- 
ment coding for a herpes protease may be obtained from the herpes genome from a region corresponding to map loca- 
tions of the Ul26 herpes open reading frame. A smaller segment contained within the protease coding segment lies 
between the thymidine kinase gene and glycoprotein gB gene and includes a ONA sequence from position +832 to 
+2138. This coding sequence not only may be expressed as the ICP35 herpes capsid family proteins, but includes a 

15 promoter sequence Ibr regulating the ICP35 coding sequence. 

[0035] The 1CP35 promoter has been isolated and shown to be an extremely active promoter, as is evidenced by 
the observation that increased numbers of copies of the substrate are produced by the ICP35 encoding unit compared 
to the production of the protease from the longer U|.26 open reading frame. It includes between 1 35 and 1 68 base pairs 
and maps between position +832 and +1000 in the first open reading frame of 11^26 This promoter region is capable of 

20 initiating expression of the ICP35 proteins. It is also useful in driving expression at an increased rate of other nucleic 
acid sequences, for exanrple herpes simplex genes \Jq5 and Ui_10. 

[0036] Isolation and manipulation of the coding sequence for the ICP35 proteins was an important achievement 
because these proteins are used in construction of the herpes virus capsid. To become functional members of the cap- 
sid, the ICP35 protein precursor ICP35 c, d nrust be cleaved by the herpes protease produced by the Ul26 coding 
25 sequence, to yield e and f. This protease is capable of effecting cleavage of the precursor proteins even when both 
genes encoding for the protease and the precursor are in a trans position. 

[0037] The nucleic acid segments that carry coding sequences may be canied in a recombinant expression vector 
capable of expressing encoded virus serine proteases. Examples of such nucleic acid segments are those shown for 
the herpes virus. HSV-1 in FIG. 1A designated as A-Z, AA-NN of the present specification. These nucleic acid seg- 

30 ments or their functional equivalents rmy be operably linked, optionally, to selected promoter and/or control elements, 
as well as to other elements such as a termination site, a poly-A addition site and to other elements, as appropriate 
(see, e.g., plasmids A-Z, AA-NN). These corrtponents may include prorroters such as those capable of controlling the 
herpes a4, the ICP35 genes or virtually any other promoter capable of driving expression in ttie selective host cell. The 
reconrt)inant expression vectors may comprise as a promoter eitiier a eukaryotic or prokaryotic promoter, and may 

35 include a polyadenylation signal at position 3' of tiie cartxaxyl terminal amino acid. The promoter may be within a tran- 
scriptional unit of the encoded protein. Vectors may also include markers which have been used for the analysis pre- 
sented herein. Examples of host cells are 6HK cells, Vero, E coli or ottier eukaryotic or prokaryotic cells known to those 
of skill in the art to permit expression of transferred vectors according to the present invention. 
[0038] There are further di&dosed methods of preparing a herpes protease. An embodiment of such methods 

40 includes the following steps: 

(1) Preparing a nudeic acM segment which encodes the herpes protease; and 

(2) Allowing the segment to be expressed in order to produce the protein. 

46 

[0039] In an illustrative embodiment the method of preparing a protease includes use of a host cell into which the 
nucleic acid segment has been transferred. The host cell is cultured under conditions suitable for expression and the 
protein is tiiereby expressed. The method may also include a step wherein the protein is isolated and purified by meth- 
ods well known to those skilled in tiie art. The degree of purification required will depend on the application for which 

so the protein is intended. Alternatively, the nudeic add segment may be expressed in a cell free system, such as a rabbit 
reticulocyte lysate. or synttiesized by an automated protein syntiiesizer as referenced herein. 
[0040] A nudeic acid segment which codes for the herpes protease or for the ICP35 proteins may be prepared by 
obtaining viral genomic DNA from cells which are infected with herpes, amplifying the proteolytic site containing nudeic 
add sequence region witiiin tiie nucleic acid of interest, and preparing recon^inant clones which include such anrplif ied 

55 nudeic add sequences. The clones may be tiien selected to contain the desired amplified nudeic acid segments by 
employing monoclonal antibodies directed to at least the region coding for tiie proteolytic domain of the protease or the 
deavage site of the ICP35 protein to screen such dones. Other doning and done screening techniques well known to 
those of skill in the art are also suitable (Sambrook et al., 1989}. 



7 



EP 0 514 830 B1 

[0041] There is also disclosed a method Ibr d aving a herpes molecule which includes the steps of treating the 
molecule with the protease under conditions effective for cleavage. Such conditions are those in which serine proteases 
generally operate. 

[0042] In an exemplary embodiment, methods for detecting the herpes protease in tissue samples consist of pre- 
5 paring antibodies directed against the protease, labelling these antibodies, contacting tissue samples with the labelled 
antibody, and detecting the labelled antibody protein heteroconjugate by standard techniques well known to those of 
skill in the art. These labels may be fluorescent labels or radioactive labels. 

[0043] One of the methods for detecting the nucleic acid segments in biological samples is to prepare a nucleotide 
probe that is capable of hybridizing to a nucleic add segment substantially as set forth in FIG. 1 , either line 5 or 6. or as 

10 disclosed in other areas of the specification herein as coding for a herpes protease or the ICP35 proteins. The nucle- 
otide probe may be labelled. The probe is then incubated with the biological sanple to be tested, under selective con- 
ditions appropriate for the formation of specific hybrids. The specific hybrids fomned between the probes and the nucleic 
acids of the biological sample are then detected by a variety of methods well known by those skilled in the art, for exam- 
ple, by detecting a radioactive label on the probe. The formation of such hybrids is indicative of the presence of the 

15 nudeic acid segment that was sought initially 

[0044] A method for treatment of viral infections makes use of the target proteases disdosed herein which are vital 
to the viral life cyde. An example of such a method comprises preparing an effective mount of an inhibitor of the pro- 
tease. The amount will depend on the route of treatment. The route may be topical creams, ointments or sprays applied 
directly to the skin, or intravenous Injection for systemic infections. The inhibitor is contemplated to be combined with a 

20 pharmacologically acceptable carrier which wouki be appropriate for use in humans depending on the route of applica- 
tion. Finally a therapeutic amount of the inhibitor is determined such that the herpes virus itself is inhibited from repro- 
ducing, but the host cells are not destroyed. The method of treatment disclosed herein is particularly applicable to tiie 
herpes virus simplex subtypes 1 or 2, but will be generally applicable to the herpes family, members of which are known 
to have extensive DNA homologies. Because of extensive sequence homologies to HSV-1 Ul26 in other organisms, 

25 e.g. cytomegalovirus (U|,80), Varicella-zoster virus (ORF33}, Epstein-Banr virus, these treatment strategies are likely to 
be broadly applicable to all herpesvirus. 

[0045] This inhibition may be either at the level of transcription, translation, or protein action. Interference with tran- 
scription would necessitate interfering with mRNA formation on a DNA template. Interference with translation would 
necessitate interfering with the synthesis of proteins on the mRNA tenrplate. Alternatively, the action of the protease 

30 nnay Itself be disrupted either by destroying the structure of the protease, in particular its proteolytic domain, altering tiie 
cleavage site of It substrate, or by providing a false substrate which inactivates the protease. Another form of inhibitor 
comprises a nudeic add segment which is capable of hybridizing with the coding sequence of a herpes protease, but 
fornfis a hybrid which inhibits transcription of the mRNA from which the protease would be translated. 
[0046] There are several Inhft^itors that appear to be suitable for purposes of this invention. It has been found that 

35 chymostatin and diisopropyl fluorophosphate provide 100% inhibition of the protease in an in vitro assay. Phenylmeth- 
ansuffonyl fluoride provides at least 50% inhibition, tills reduction is due to the instability of the inhibitor over time. The 
results of studies witii a variety of protease inhibitors showed tiiat the Ul26 protease was inhibited by serine protease 
inhibitors but not by cysteine, aspartic acid or metalloprotease inhibitors. Other contemplated inhibitors indude antipain, 
aprotinin, leupeptin. (4-amlno-phenyl)-mettiane suHonyl fluoride, and any other serine protease inhibitors that tests pos- 

40 itive in the candidate screening assay described herein. In particular embodiments, non-toxic derivatives of tiie inhibi- 
tors disclosed herein are contemplated. 

[0047] In order to determine still other inhibitors the candidate substances of interest are screened by preparing a 
virus protease, combining the protease with the candidate inhMor substance, and selecting a sufc>strate capable of 
being cleaved by the protease. The assay is conducted by contacting the substrate with the protease-candidate sub- 

45 Stance combination, and determining whether tiie candidate substance has inhibited the action of the protease on the 
substrate. In an illustrative embodiment, the virus protease used to test for a candidate substance is the purified herpes 
protease synthesized in vitro in a rabbit reticulocyte lysate by methods disdosed in tiie present specification. 
[0046] The protease is combined witti the candidate inhibitor substance either in a laboratory in vitro assay or in a 
test organism. The substrate seleded which is capable of being deaved by the protease, may be tiie protease itself, or 

so at least tiie cleavage site of the ICP35 protein precursor c, d. After contacting the substrate with a protease and tiie can- 
didate inhibitor substance it can be determined whetiier the substance has inhibited tiie action of the protease on tiie 
substrate by determining whether cleavage of tiie substrate has taken place. In one embodiment this may be deter- 
mined by seeing if the ICP35 c, d proteins have produced ICP35 subunits e and f as determined by SDS gel electro- 
phoresis, which are only fomned by deavage of c, d by tiie protease. If the proteins have not been cleaved, the inference 

55 is that tiie candidate substance indeed inhibits ttie virus protease. This inhibitor may then be used in therapeutic trials. 
[0049] The virus protease used in tiie candidate inhibitor substance assay may b prepared through tti application 
of genetic recombinant techndogy, wherein, for example, an expression vector includes at least the proteolytic nxxjule 
of the protease. The expression vector is then transferred into an appropriate host cell under conditions which p mnit 
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expression of th coding sequence. After the sequenc has been expressed in the form of a protease or pr tease seg- 
m^t. th protease may b collected from the cell and further purified if required, by methods well known to those f 
skill in the art. 

[0050] An alternative method of preparing the herpes protease is t obtain a sample which c ntains the protease, 
5 for example a herpes infected tissue segment or exudate. The sample is then homogenized and fractionated t obtain 
a protease fraction. The protease fraction may be then further isolated and purified by methods known to those of skill 
in the art depending upon the particular application. 

[0051] There is also disclosed a method for selecting a serine protease with functions equivalent to those disclosed 
herein in different species of herpes, other non-herpes virus or, indeed, any organism. To select the protease, an amino 

10 acid sequence comprising at least the cleavage site of the protease disclosed in the present specification is prepared. 
The candidate viral protease is then contacted with the cleavage site containing the amino acid sequence which is sus- 
ceptible to cleavage by a viral serine protease. Finally a determination is made whether cleavage has occurred by using 
the ICP35 substrate and determining whether ICP35 c, d has been altered to e and 1 By these methods, it has been 
shown that the HSV-2 protease is capable of cleaving ICP35 c, d to e and f. 

15 [0052] The methods and compositions disclosed have made it possible to identify essential serine proteases in 
other species. The methods of the present invention are generally applicable, only the source genome will changa It is 
expected that these serine proteases are encoded by conservative segments and are widespread. For the herpes 
viruses, four of the six viral DNA sequences (HSV-1 , EBV, VZV, CMV) are reported and have been entered into a com- 
puter data base available to those of skill in the art. Honmlogies in amino add sequences and function are expected 

20 based on the conservative nature of serine proteases, and homologies detected previously among related species, e.g. 
the herpes family. (Davison et al., 1986; McGeoch et al., 1988) Thus, it is predictable that Ul26 of HSV-1, BVRF2 of 
EBV, U|_80 of CMV. Gene 33 of VZV play tiie same or similar role in the maturation of capsid and encode a protease. 
Because extensive sequence homology was found between tiiese presumptive proteases and HSV-1 Ul26, it is 
believed that the action or cleavage mechanism of tiiese protease is the same as tiie HSV-1 Ul26. Thus, it is not sur- 

25 prising that tiie present invention Including inhibitor desalbed have against herpes simplex virus (HSV-1 and HSV-2) 
and can be applicable to the treatment of other herpes viruses (EBV. VZV, CMV and human herpes viais 6). 
[0053] As an indication that the disclosed serine proteases will not be confined to tiie herpes family, tiiere are 
reports of capsid assembly In other microbes. Bacteriophage T4 and lamtxia are most commonly studied for capsid 
assembly. In these phages, first a preformed capsid is assembled by interaction of outer coat protein and inner scaffoid- 

30 ing protein. Then, the scaffolding protein is cleaved by a phage-encoded protease and removed from the capsid. At the 
same time, the phage DNA is packaged into the capsid to give rise to mature capsid. The cleavage of scaffolding protein 
is essential to produce mature capsid. Recently, cryo-electromicroscopy studies revealed the similarity of the capsid 
strucbjre between HSV and lamkxja phage. The sequence of human CMV sta^n AD169 has been determined, and a 
gene analogous to HSV UL26 has been identified. ICP35 has been proposed to function as a scaffolding or assembly 

35 protein in the process of HSV capsid maturation. The cleavage of ICP35 by the proteases of the present inverrtion is 
required for the capsKi aeration and is essential for the replication of the virus. The proteases disclosed herein func- 
tion as a counterpart to those of phages which cleave tiie ICP 35 protein to initiate DNA packaging. Therefore, tiie can- 
didate protease inhibitor assays and methods of treatment disclosed herein have wide applicability than to only tiie 
herpes family. 

40 [0054] A domain refers to a portion or region of a protein defined as an amino add sequence witiiin a polypeptide 
or protein, in tiie present case a domain is defined functionally by tiie effect of amino acid deletions or substitutions in 
a sequence on the function or substitution of tiie protein. 

[0055] Downstream refers to nudeic add sequences found in a 3' direction from a given point of reference along a 
nudeic add molecule. 

45 [0056] An epitope is an amino acid sequence which is an antigenic determinant. 

[0057] An open reading frame (ORF) contains a series of tiiplets coding for amino acids witiiout any termination 
codons. Sequences of this type are potentially translatable into a protein. 

[0058] Substantially purified in reference to DNA refers to DNA segments isolated free of their natural state as they 
may be present in the genome of an organism, and Is intended to include segments as they would exist upon genetic 
50 englneering.e.g. by insertion into a recombinant vector. 

[0059] A transcriptional unit is the distance between sites of initiation sjnd termination by RNA polymerase. 
[0060] Upstream refers to nucleic acid sequences found in a 5' direction from a given point of reference along a 
nudeic acid molecule. 

[0061] A viral protease is an enzyme capable of cleaving viral precursor proteins at a specif tc site. 

55 

HSV herpes simplex virus 
CMV cyt megal virus 
ORF pen reading frame 
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ICP infected cellular polypeptide 

DFP dllsopropyl f luorophosphate 

TPCK L-1-tosylamido-2-phenylethylchl romethyl ketone 

TLCK Ntz-p-tosyl-L-lyslne chl romethyl ket ne 

PMSF phenylmethylsulfonyl fluoride 

EGTA thyleneglycol-bis (p-aminoethyl eth r) N, N, N', N'tetraacetic acid. 

FtG. 1 A. Sequence arrangement of the HSV-1 genome, the posrtions of U|_26 and U|_26.5 open reading frames and 
their transcripts, and the structure of the test plasmids constructed for use in the present invention. 

FIG. 1 B. Nucleotide and amino acid sequence of the Ul,26 open reading frame. The +1 site corresponds to the 
translationat initiation site of Ul26 open reading frame. 

FIG. 2. A schematic representation of the relationship anx^ng the HSV-1 genomic DNA, the U|_26 and 11^26.5 open 
reading frames (ORF). and the translational and post-transJational products of this genetic system. 

FIG. 3. Autoradiographic image of DNA probe 1 (A) and probe 2 (B) hybridized to total cytoplasmic RNAfrom mock- 
infected and 12-hr-infected Vero cells and digested with SI nuclease. 

FIG. 4. Photograph of polypeptides from tysates of cells transfected with plasmid constructs and siperinfected with 
vinjs, electrophoretically separated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted 
with goat monoclonal antibody H725 (HSV Ab) against HSV-1 ICP35, 

FIG. 5. Photograph of polypeptides fromy lysates of cells transfected with plasmid constructs and superinfected 
with virus, electrophoretically separated in polyacrylamide gels, electrically transferred to nitrocellulose sheets, and 
reacted with monoclonal antflaody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 6. Photograph of polypeptides from lysates of cells transfected with plasmid constructs and si43erinfected with 
HSV-1, electrophoretically separated in polyacrylamide gels, electrically transferred to nitrocellulose sheets, and 
reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 7. Autoradiographic images and photograph of polypeptides from lysates of cells transfected with plasmid con- 
structs and superinfected with virus, electrophoretically separated in polyacrylamide gels, electrically transfen-ed to 
mitroceliulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). 

FIG. 8. Autoradiographic image of the ^^S-methionine labeled polypeptides translated in a nuclease-treated rabbit 
reticulocyte lysate and electrophoretically separated in a 9.5% denaturing polyacrylamide gel. FIG. 9. Photograph 
of electrophoretically separated polypeptides from cells transfected with plasmid constructs and superinfected with 
HSV-1 (F) either at SA^'C (34°) or at 39''C (39''], electrophoretically separated in polyacrylamide gels, electrically 
transferred to a nitrocellulose sheet and reacted wiUi monoclonal antibody H725 to HSV-1 ICP35 (HSV Ab) and 
stained with goat anti-mouse IgG antibody coupled to peroxidase. 

FIG. 10. Photograph of electrophoretically separated polypeptides from cells transfected with plasmids and eitiier 
mock-infected or superinfected witii HSV-1 (F) (HSV-1) either at 34^C, at 39**C, or at 37<*C. electrophoretically sep- 
arated in polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted with nfK)noclonal antibody 
H725 (HSV Ab) or Chl28-2 (CMV Ab) and stained with goat anti-mouse IgG antibody coupled to peroxidase. 

FIG. 1 1 . Photograph of polypeptides from cells transfected with plasmids and eitiier mock-infected or superinfected 
with HSV-1 (F) (HSV-1) or HSV-2(Q) (HSV-2) either at 34<'C. at ^B^C, or at 37*C, electrophoretically separated in 
denaturing polyacrylamide gels, electrically transferred to a nitrocellulose sheet, reacted with monoclonal antitxxty 
H725 (HSV-Ab) or CH28-2 (CMV Ab) and stained with goat anti*mouse IgG antibody coupled with peroxidase. 

FIG. 1 2. Autaadiographic invige of ^^S-methionine labeled polypeptides encoded by tiie U|_26 open reading frame 
electrophoretically separated in a denaturing polyacrylamide gel. 

FIG. 13. Autoradiographic images and photograph of polypeptides ither syntiiesized in vitro from sequences 
encoded in plasmids U or Y a contained in lysates of cells transfected with plasmids X or Z and superinfected witii 
HSV-1 (F) or HSV-1 (G). 
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FIQ. 14. Autoradiographic image of ^S-methlonine labeled polypeptides encoded by the U|_26 open reading frame 
electrophoretically separated in a denaturing gel to show the action of PMSF as a protease inhibitor 

FIG. 15. Photograph of electrophoretically separated polypeptides from lysat s of cells transfected with ptasmid 
constructs and superlnfected with HSV-I(F) either at 34*C (34**) or at 39*C (39*), electrophoretically separated in 
poiyacrylamide gels, electrically transferred to a nitrocellulose sheet and reacted first with monoclonal antibody 
H725 to HSV-1 ICP35 (HSV Ab) or CH28-2 to the CMV epitope (CMV Ab), and stained with goat anti-mouse IgG 
antibody coupled to peroxidase. 

FIG. 16. Autoradiographic images of the electrophoretically separated polypeptides translated in vitro in a nucle- 
ase-treated rabbit reticulocyte lysate from the synthetic RNAs transcribed in vitro from the U|_26 ORF cloned in 
plasmid construct Y 

FIG. 17. Schematic representation of the results of mutagenesis studies. 

[0062] There are disclosed herpes proteases and nucleic acid segments which encode such proteases. The pro- 
tease encoding segments also contain at least one coding domain for proteins used In capsid production during viral 
replication. Substrates of the protease include its own amino add sequence and the precursors of viral capsid proteins 
(FIG. 2]. Inhibitors of the protease an^est the viral life cycle, thereby offering a means of therapeutic intervention. An 
illustrative embodiment of the methods and compositions of the present invention, employe HSV-1 as a protease 
source. 

[0063] A novel herpes protease has been identified in HSV-1 . purified and abbreviated as "Pr."* A weapon forged to 
directly attack virus production is provided by inhibiting the action of the Pr protease. Because the protease is essential 
for packaging of DNA into the viral capsid, inhibition of the protease disrupts the replication cycle of the virus. Treatment 
with inhibitors of the protease alleviates clinical effects and reduces risk of transmission. 

[0064] The herpes protease is a product of a region of the HSV genome, the U|_26 open reacfing frame. The pro- 
tease is both a necessary and the sole viral protein that suffices to effect its own cleavage and that of the product of the 
Ll|_26.5 open reading frame (ORF) a region Identified and purified as an aspect of the present invention. The product of 
the Ul26 ORF, a protein that has been designated as P/^ is a previously undescrQ3ed herpes protease, the first pro- 
tease ever purified from the herpes virus. In cell free systems, Pra cleaved itself to Prb providing evidence that the 
translation product Pra» can function as a protease. (FIG. 1) Prb, the designation assigned to the product of the auto- 
catalytic cleavage of Pra, is approximately 20 amino acids smaller than Pra. 

[0065] Characteristics of the disclosed protease are not only that it catalyzes its own cleavage, but surprisingly, a 
second sutistrate on which it acts, the mae abundant substrate, is encoded by a sequence entirely contained within the 
gene encoding the protease. The protease and the second substrate share amino acid sequences at their cartx>xyl ter- 
mini. A surprising and unexpected finding was that the coding segment lor the second substrate codes for viral capsid 
proteins designated ICP35, and is a newly identified gene designated U|_26.5. 

[0066] The expression of the U|_26 gene in the form of a protease is essential for viral maturation. The evidence for 
this statement is that a temperature-sensitive mutation reported by Preston, et al. (1983) at the Ul.26 open reading 
frame has a lethal effect on capsid maturation. Therefore, disruption of the function of the protease inteferes with viral 
maturation, presenting a therapeutic strategy. 

[0067] Three general approaches were employed by the inventors to identify and characterize a herpes protease. 
These included: 1) transf acting cells with test plasmids and then infecting them with herpes; 2) transfecting cells with 
two plasmids; and 3) in vitro translation. Out of these studies, the inventors identified two overlapping herpes sinpiex 
virus 1 (HSV-1) nucleic acid sequences, which comprise two genes (independent transcription units). The larger of the 
sequences is designated Ul26 and encodes a protein of an apparent molecular weight of approximately 75-85Kd as 
determined by SDS-PAGE. This protein is a serine protease which is capable o1 processing itself and the ICP35 protein 
precursors by carboxyl-ternninal proteolytic cleavage. The smaller sequence is designated Ul26.5 and encodes a pro- 
tein of an apparent molecular weight of approximately 35-50kd as determined by SDS-PAGE. Both genes have been 
cloned. 

[0068] One of the reasons that disclosed proteases have been successfully isolated and purified, was because of 
the choice of a key test substrate, the 1CP35 proteins. To better understand the herpes genome, another productive 
step was the construction of a large number of plasnvds with a specific construction strategy designed to answer a spe- 
cific question about the mechanism of herpes genetic pathways. Into some of the plasmids, a marker sequence was 
inserted to permit tracing of the paths of genetic action. The markers in a series of plasmid constructs included dele- 
tions or insertions of an a4 promoter or of a sequence encoding a cytomegalovirus epitope capable f reacting with a 
mouse monoclonal antibody. These constmcts revealed dramatic and surprising differences in the genetic action of a 
region of the herpes genome from that predicted from previous work on the structure and action of the Ul26 ORR 
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[0069] In pre^nous work, McQeoch et al.(1 988) predicted that the U|_26 frame encodes ICP35. The product of 11^,26 
predicted from the nucleotide sequences in that open reading frame, however, turned out to be considerably larger than 
ICP35. A hierarchical genetic complexity was revealed as responsible for production of the herpes capsid protein. What 
is disclosed in the present invention is a dissection of the domain designated Ul26 into two overlapping transcriptional 
units yielding proteins which share part of an amino acid sequenc . What had previously been designated ICP35 turns 
out to be encoded only by a portion of the 11(^26 open reading frame. For purposes of the present Invention, that unit 
has been designated U|_26.5. 

[0070] The protease has general applicability. Homologs of the substrate of the Pra protease, which cleaves a pre- 
cursor to form the ICP35 proteins, have been detected in other herpes viruses. It is likely, therefore, that the methods 
of the present invention will reveal the protease in other members of the virus family, and in other species. As one exam- 
ple, it has been reported recently that the CM V equivalent of the ICP35 protein is cleaved at the carboxyl terminus (Gib- 
son et al.. 1990, Schenk et al. 1991). although the CMV protease had not been identified as yet in that species. The 
herpes-cleaved protease is, therefore, likely to affect cleavage in to other herpes viruses. More recently, there is a report 
of a proteinase in cytomegalovirus. An active protease is said to be released after cleavage of the full-length protease 
at amino acid 248, but the present invention suggests the result of such cleavage would be inactive. 
[0071] TTie existence of a homologous open reading frame to ICP35 in the Varicella-Zoster Virus (VZV) genome 
(Davison and Scott 1986; Davison and McGeoch, 1986) suggests that the ICP35 equivalent and the corresponding 
protease are conserved among the various herpes viruses. Because the amino acid sequence of ICP35 is entirely con- 
tained in the carboxyl terminus of Pr and because ICP35 does not show demonstrable proteolytic activity, it is expected 
that the proteolytic activity exhibited by Pr is expressed by the amino terminal domain of the protein. It is of interest to 
note that in the VZV genome (Davison and Scott, 1986), the open reading frame corresponding to Ul26 exhibits greater 
homology in amino acid sequence at the amino terminus rather than at the cartxixyl terminus. 

Manipulation of The Heroes Simplex Virus (HSV\ Genome 

25 

[0072] The importance of a viral protease as a therapeutic target is clear from a consideration of viral replication 
mechanisms. For example, the herpes simplex virus has a genome comprising a linear, double-stranded DNA molecule 
(molecular weight approximately 100 x 10^) large enough to encode 7^ different gene products. The structure of the 
genome is unusual among DNA viruses in that two unique nucleotide sequences are flanked by inverted repeated 
30 sequences. 

[0073] The viral genome is packaged within a regular icosahedral protein shell (capsid) composed of 162 cap- 
somes. The outer covering of the vims is a lipid containing membrane envelope derived from modified cell membrane. 
Cell proteins are not detected in the virion envelope. Glycoproteins in the lipid bilayer of the envelope mediate attach- 
ment of virus to the host cell, surfiace, and penetration of virus into the cell and viral maturation and egress. A tegument 

35 exists between the capsid and the lipid bilayer. Wrthin the capsid are DNA polyamins, and DNA-binding proteins. 

[0074] Clinical problems result when infection of cells is followed by replication arxJ spread of the virus. After the 
viral genome reaches the nucleus of the cell, expression of viral genes occurs in a highly regulated fashion. Cell death 
may result from viral infection and replication. Protease inhibition will block replication. In vivo infections of certain cells, 
in particular sensory neurons, does not necessarily result in replication of virus and cell death. A latent phase nnay 

40 occur. 

[0075] Sequence an'angement of HSV-1 genome, the positions of U|_26 and Ul26.5 open reading frames and their 
transcripts and the structure of the test plasmids constructed for aspects of the present invention are shown in FIG. 1 : 

Line 1 , -schematic representation of the sequence arrangement of the HSV-1 genome. and Us refer to the long 
45 unique and short unique sequences flanked by terminal inverted repeats shown as rectangles. 

Lines 2 and 3, -genome map position, nucleotide numbers relative to the approximate transcription initiation site of 
Ul26 indicated by letter I at +1 , and restriction endonuclease sites of the HSV-1 EcoRi-Pstl DNA fragment. Line 3 
also shows the position of the translational termination codon(T) and of the single poly(A) signal (A) which serve 
50 both the Ul26 and Ul26.5 RNAs. 

Lines 4 and 5, -the filled rectangles (thick bars) represent the coding domains of the Ui_26 and Ul26.5 open reading 
frames. The numbers refer to the positions of the transcription initiation site, the translation initiation and termina- 
tion codons and of the poly(A] signal for both open reading frames related to nucleotide -i-l of Ul26. 

55 

Line 6 is a restriction endonuclease map drawn to scale with reference to lines A tiirough 2 and AA through NN 
which are schematic representations of the HSV-1 sequences contained in the plasmid constructs used in tiie stud- 
ies described in this report The construction of the plasmids shown schematically in lines A through Z and AA 
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through NN are described in Example 1 . The source of the a4 promotor (open rectangle) shown in plasmids B. D, 
H, J, K, L, M, P, W, X, Z, AA through NN, was BamHI Z DNA fragment (Post et al., 1981) Inserted in proper tran- 
scriptional orientation. The CMV epitope is shown as a filled oval. The oligonucleotide C with its complement is 
shown as a filled rectangle, and the new created Pmll site is marked as P*. The restriction endonuclease sites were 
5 abbreviated as follows: B, BamHI; Ba. Ball; Bs. BstEII; E, EcoNI; H. Hpal; K, Kpnl; Ms, Mstll; P, Pm1 1: Ps, PstI; S. 
Sa1 1; X, Xmal. Me represents the methionine translation initiati n codon of the 11^.26.5 pen reading frame. 

[0076] In order to identify the in vitro translation of Ul,26 and U|_26.5 the unprocessed species of ICP35, open read- 
ing frames, both the U|_26 and U|_26.5 open reading frames were cloned into PQEM3Z-f(4-) to derive plasmids T and U, 

10 respectively (FIG. 1 ). RNAs corresponding to the mRNAs of U|,26 and Ul26.5 were transcribed by Sp6RNA polymerase 
arxJ translated in nuclease-treated rabbit reticulocyte lysates. The results indicated that Ul26 and Ul.26.5 specify pro- 
teins each of which forni double bands with apparent molecular weights of 80kd [Pra] and 45kd (ICP35d. c), respec- 
tively. The two species of Ut_26.5 (ICP35) protein synthesized in vitro were found to comigrate with ICP35c, d 
synthesized in vitro in HSV-1(F) infected cells. It was further found that the unprocessed forms of U|_26.5, that is 

15 ICP35C, and d. can be processed into ICP35e and f. 

[0077] It was possible to map (localize) and purify the DNA sequences in the viral genome required for the process- 
ing of ICP35c, d into ICP35e. f. BHK cells were transf acted with a series of plasmids containing different lengths of HSV- 
1 DNA sequences, each containing an Intact ICP35 gene and superinfected with HSV-I(F) at 39°C. BHK cells trans- 
fected with the ptasmid A containing the intact U|_26 gene (FIG. 1) generated ICP35e, f in addition to ICP35c, d whereas 

20 cells transfected with plasmid C in which the promoter region of U|_26 gene was deleted, and only the coding sequence 
of U|_26 was included (FIG. 1 ), generated only the unprocessed ICP35C, d. These results suggested that the gene prod- 
uct of U|,26 was required for the processing of ICP35, c, d into e. f . 

[0078] The product of the gene Ul26 was found capable of cleaving ICP35c, d into e, f when present in the trans 
position. To determine whether Ul26 acts in trans or In cis, BHK celts were transfected with plasmid N as the substrate 
25 for processing and a series of plasmids containing deletions in the U|_26 open reading frame, and then infected with 
HSV-1(F) and maintained at 39°C. The results showed the following: 

(i) ICP35C, d did not autocatalyze their own processing into ICP35e. f, Inasnruch as the lysates of cells co-trans- 
fected with plasmids N and E (FIG. 1) did not contain IGP35 forms e and f reactive with the CMV monoclonal anti- 

30 body. 

(ii) ICP35C, d were not processed in BHK cells cotransfected with plasmids N and C or I. Plasmids C and I contain 
deletions In the promoter region and at the polyadenylation site of the Ul26 open reading frame, respectively (FIG. 
1). 

35 

(iii) ICP35G. d were processed into e. f in BHK cells co-transfected with plasmids N and A or B. Plasmids A and B 
contain the intact Ul26 promoter and open reading frame and the Ul26 coding sequence driven by the a4 pro- 
moter, respectively. The a-transducing factor in HSV-1 (F) induces the a4 promoter to a high level (Post et al. . 1 981 ; 
Battreson and Roizman, 1 983) at 39<'C. The high level of expression of U^26 may explain the presence of the proc- 

40 essed forms of ICP35 (forms e and f) in lysates of cells co-transfected with plasmids N and B. 

[0079] The importance of the protease encoded by U|_26 is indicated by the results showing it to be competent for 
the processing of ICP35c, d into e. f. It is shown that U226 and processing of ICP35d, d to e, f are both essential for 
capsid production because a mutation in ttiat region (in the 5' end of the Uj^26 ORF) was reported as lethal (Preston, et 
45 al.. 1983). 

[0080] Even more exciting from the perspective of use of the protease as a target for attack on herpes infections is 
that the protease appears to be the sole protein required for processing of ICPSSc, d into e, f proteins required for 
capsid production. That indicates the protease is essential for capsid formation. To determine whether Ul26 is the only 
viral protein required for this processing and to exclude the possibility that viral genes expressed by the HSV-1 (F) 

50 genome at 39*^0 contribute to the catalysis of ICP35, BHK cells were co-transfected with a constant amount of plasmid 
L and different amounts of plasmid B as the genes encoding the substrate and the enzyme for the processing, respec- 
tively. In plasmid L (FIG. 1] the Ul26.5 open reading frame was regulated by the a4 promoter and the CMV epitope was 
inserted at the Mstll restriction endonuclease site whereas plasmid B contained the intact Ul,26 open reading frame 
driven by the same promoter. Because the a4 is a strong eukaryotic pronrxrter constitutively expressed in transfected 

55 cells (Post et al. , 1 981 ; Kristie and Roizman, 1 984), expression of the U|_26.5 and Ul26 proteins in cells transfected with 
plasmid L and B did not require superinfection with HSV-1 (F). The results were as follows: 

(i) In the absence of viral infection, ICP35c and d were the only two species expressed in cells transfected with plas- 
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mid L The epitopically marked ICP35 expressed by plasmid L was lully processed in cells superinfacted with HSV- 
1(F) at permissive temperature. As expected plasmid B did not produce products reactive with anti CMV antibody. 

(ii) In the presence of plasmid B containing Ul26, the epitopically marked ICP35c, d expressed by plasmid L were 
5 processed into ICP35e, f. At low concentrations of plasmid B. the extent of accumulation of ICP35e, f was directly 
proportional to the amount of Ul26 plasmid DNA co-transfected with plasmid L into BHK cells. The decrease In the 
amounts of ICP35e, f observed in the presence of the highest amounts of plasmid B may reflect competition 
between the two plasmids or reduced yield as a result of the toxicity used by high amounts of DNA. 

10 [0081 ] Rom results of these studies it was concluded that the product of the Ul26 is the only viral factor both com- 
petent and sufficient to process ICPSSc. d into ICP35e. f. The protease Is, therefore, essential for capsid development, 
which in turn is essential for the herpes virus replication life cycle. 

[0082] The active agents of such medicants include an inhibitor of the protease. The inhibitor may act to counter- 
mand the proteolytic action of an already available protease, or to disrupt or prevent the initiation of the translation or 

15 transcription of the nucleic acid segments responsible for protease production. The inhMor nnay be in the form of a 
chemical composition, in which case it must be combined with a composition which effects cell incorporation, 
[0083] If the inhibitor is in the form of nucleic acid segment, it may be incorporated into infected cells by any of the 
variety of methods well known to those of skill in the art. Those methods are disclosed herein and comprise transfection 
of a recombinant vector, electroporation, or use of a "gene gun" to force mechanically accelerated nucleic acid particles 

20 into Infected cells. 

Example 1 

Construction off Plasmids and TTieir Relation To The HSV Genome 

25 

[0084] A set of plasmids were constructed to contain segments of nucleic add sequences that could be nrianipu- 
lated to identify sections of the nucleic acid sequence of the HSV genome which control production of specific polypep- 
tides, and to isolate those segments arKi purify their products. 

[0085] These ingenuous tools were created to identify and manipulate nucleic acid sequences involved in viral 
30 infections. In some plasmids, markers were inserted at specific locations in order to trace the products of cleavage, to 

define nucleotide sequences used for various infective processes. The CMV epitope is shown as a filled oval in FIG. 1 . 

The oligonucleotide C with its complement is shown as a filled rectangle. The newly created Pmll site is marked P. The 

restriction endonudease sites are abbreviated as follows: B, SamHI; Ba, Ball; Bs, BstElt; E, EcoNI; H, hlpal; K. Kpnl; 

Ms. Mstll; P, Pmll; Ps. Psll; S, Sail; X, Xmal. 
35 [0086] Collectively, the HSV-1 sequences can'ied in plasmids A through Z, AA through NN, contain deletions which 

encomp^ the entire domain of the U|_26 open reading frame. In some instances, e.g.plasmid constructs B and D the 

promoter of the a4 gene was juxtaposed in the form of the BamH\ Z fragment to force a higher level of transcription. 

[0087] Plasmid constructs designated J through N in FIG. 1 canry in the HSV DNA's a sequence encodng a CMV 

epitope inserted into the unique MstW site of these fragments. In all but one plasmid construct the BamHI Z fragment 
40 was also inserted to augment transcription by the a4 promoter contained in this fragment. The exception was plasmid 

construct N. 

[0088] In plasmid O and P the CMV epitope was inserted into the unique Hpal site and only the P plasmid contains 
the a4 promoter in the form of the SamHI Z fragment. 

[0089] The following plasmids were constructed: A (pRB4057), B (pRB4060), C (pRB4058), D {pRB4089), E 
45 (pRB4093). F (pRB4056), G (pRB4087), H (pRB4088), I (PRB4026), J {pRB4092). K (pRB4094), L (pRB4096), M 
{pRB4095). N (pRB4102), O (pRB4079) and P {pRB4080). Q (pRB4140), R (pRB4184), S (pRB4185). T (pRB4103). U 
{pRB4090), V (PRB4186), W (pRB4188), X (pRB4213). Y (pRB4214), Z (pRB4215). pRB4026 was constructed by 
insertion of the HSV-1 fragment into the Kpn\ site of pUC18. pRB4057 contains the entire encoding sequence of the 
Ul,26 open reading frame, extending 3' from nudeotide -900 relative to the translation initiation site of the gene to 
so approximately 650 nucleotides downstream from its polyadenylation site. pRB4060 was constructed by repladng the 
viral DNA sequence 23 bp upstream from the translation initiation site of the U|^26 open reading frame in pRB4057 with 
the HSV-1 DNA BamHI Z fragment. The SamHI Z fragment contains at one terminus, portions of the 5' transaibed non- 
coding sequences of the alpah4 gene starting with nucleotide +33 and the upstream untranscribed domains of this 
gene. The BamHI Z fragment was inserted in the orientation that would juxtapose the a4 promoter in the proper tran- 
55 scriptional orientation to the intact and truncated domains of the U|_26 open reading frame. pRB4056, pRB4058, 
pRB4087, and pRB4093 wer derived from pRb4057, and pRB4088 and pRB4089 were derived from pRB4060 by gen- 
erating deletions by the subdoning techniques described by Sambrook et al. (1989). 
[0090] Two pairs of oligonudeotides, i.e., oligonudeotide 
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A (5'- 

AAGGGACAGAAGCCCAACCTGCTAGACCGACTGCGACACCGCAAAAACGGGTACCGA 
^ CAC-3') with its complement, ligonucleotide B (5'- 

AAAGGGACAGAAGCCCAACCTGCTAGACCGACTGCGACACCGCAAAAACGGGTACCG 
ACACGA<-3') with its complement, and oligonucleotide C 
10 (5'- 

TCGACGTTGACACGGCCCGCGCCGCCGATTTCTTCGTCTCTCAGATGATGGGGGCCC 
GCCACGTGTGA-3 ' ) , 

15 

were synthesized in Applied Biosystems DNA Synthesizer 380A (Foster City, Calif.)- Oligonucleotides A,B and their 
complements encode the epitope of the CIH28-2 monoclonal antibody and contain a Kpn\ site at the 3' end for conven- 
ient screening of the oligonucleotide insertion in plasmids. pRB4079 and pRB4080 were derived by inserting the oligo- 
nucleotide A sequence into the unique Hpal site of pRB4057 and pRB4060 respectively. pRB4092 was derived by 
20 inserting the oligonucleotide B sequence Into the unique MstW site of pRB4060. pRB4094, pRB4095. pRB4096, and 
pRB4102 were derived from pRB4092 by generating deletions by means of common subcloning techniques (Sam- 
brooK et al.. 1989). All insertion sites of these plasmids were sequenced to verify that the CMV epitope was inserted 
In the same frame as the U|.26 open reading frame. 

[0091] Plasmid Q (pRB4140) was derived by inserting oligonucleotide A with its complement into the unique PmW 

25 site of plasmid A. The sequence encodes the authentic Ui_26 sequence from the Pmll site to the translation termination 
site but with the addition of a new Pmll site of the U|_26 open reading frame in the proper orientation resulted in the ae- 
ation of a new Pmll site between the carboxyl tenninal amino acid and the stop codon of the 11^.26 open reading frame. 
In addition, the sequence *GTG' at tiie authentic PmtL site has been changed to sequence 'GTC By insertion of the 
sequence C into the unique PmlL site of the 11^26 open reading from the proper orientation resulted in the creation of 

30 a new Pmll site between the cartx)xyl terminal amino acid and the stop codon of Ul26. The original, authentic Pmll site 
was destroyed without changing tiie Ul26 amino acid sequence because tfie codon "GTG" and "GTC encode the 
same amino acid. Therefore, the net effect of the insertion of oligonucleotide C with its complement to Ui,26 open read- 
ing frame was that Ui_26 had two additional amino adds between its authentic cartx)xyl terminal amino add and its stop 
codon which were encoded by the new created Pmll recognition sequence. Plasmid R (pRB4184) was derived by 

35 inserting sequence C into the PmlL site of plasmids E (pRB4093), and S (pRB41 85) was derived by inserting the oligo- 
nudeotide A with its complement into the PmlL site of plasmid R. Plasmids T, U. V and W (pRB4103, pRN4090, 
pRB4186 and pRB4188) were derived from plasmids B and S by subcloning. Plasmids X. Y and Z (pRB4213, 
pRB4214. and pRB4215) were constmcted by inserting in frame into the U|_26 open reacfing frame at the site between 
the 3' end of the CMV sequence and the stop codon, either a sequence encoding 256 amino adds comprising five 

40 homologs of IgQ binding domains of the staphylococcal protein A or a sequence encoding 129 amino adds and com- 
prising two such domains. These sequences were tiie BciL-Hincll fragment and Hindtll-Hincll fragment of the protein A 
gene fusion vector pRITS (Phamiacia, Piscataway, NJ), respectively The vector for plasmids T, U, V, and Y was derived 
from PGEM3Zf(-f) (Promega, Madison, Wl) and these plasmids could be used as templates for in vitro transcription by 
T7 or Sp6 RNA polymerases. The vectors for all other plasmids were derived from pUC18 (New England Biolabs, MA) 

45 All the insertion sites of the oligonucleotide sequences A and C with their complement into the plasmids were 
sequenced to verify that the CMV epitope and tiie amino acid sequence encoded by oligonucleotide C with their com- 
plement were inserted in frame witii the Ul26 open reading frame. 

[0092] Constructs AA. BB, CC, DD and MM were prepared by inserting a translational stop codon into pRB4060 at 
Pm1l, Mstll, BssHII, IHpal sites, and tiie site encoding the translation initiation codon of ICP35, respectively. Construct 

50 NN was constructed by deletion of the sequence between the ICP35 translation initiation site and stop codon. The U|_26 
ORF fused to BamHI Z cloned in pQEM3zf(+) as pRB4245 was mutagenized to give rise to II, JJ KK, LL, HH and GG 
witii the aid of the Muta-Gene Kit (Blo-Rad) in accordance witii the manufecturer's recommendations. The 40 mer oli- 
gonucleotides used for tiiis purpose were synthesized on an Applied Biosystems model 380B DNA syntiiesizer. Plas- 
mids EE and FF were constructed by cleavage with Xt>al and religation of constructs GG and HH to delete the first 10 

55 and 33 amino adds of U|,26, respectively. The symobols used in FIG. 1 are as follows: Open quadrangle: the BamHI Z 
fragment used as the source of the a4 pr nrwter and inserted in the proper transcriptional orientation relative to that of 
the U|_26 and Ul.26.5 open reading fram ; filled oval: tiie 20 amino add CMV epitope, described herein; filled rectangle: 
the DNA sequenc ncoding the IgG binding domain of protein A; P*: a new Pml I site created in conjuncti n with the 
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ins rtion of tfi IgQ binding dormin of protein A. The new translational Initiation codons produced by in vitro mutagen- 
esis are marked "ATG". The filled triangles represent the Inserted stop codon. The restriction endonuclease sites were 
abbreviated as follows: BamHI; Ba, Ba1 1; Bs. BstEII; E, EcoNI; H. Hpal; K. Kpnl; Ms, Mstll; P. Pm1 1; Ps. PstI; S, Sa1 1; 
X, Xcml. Me represents the methionine translation initiation codon of the U|,26.5 open reading frame. 
[0093] A restriction endonuclease map is drawn to scale on-line 9 of FIG. 1 with reference t lines A through Z 
which are schematic representations of the HSV-1 sequences contained in the plasmid constructs used in the studies 
desaibed herein. 

Example 2 

Use Of The Plasmlds To Isolate And Purify Viral Components 

[0094] Host cells were transfected with the plasmid constructs of FIG. 1. In addition, the protease was synthesized 
in vitro from rabbit reticulocyte lysate systems with the plasmids. Photographs of polypeptides from cells that were 
transfected with the plasmid constructs and superinfected with virus, taken after the electrophoretic separaton in poly- 
acrylamide gels, electrical transferring to a nitrocellulose sheet, and reaction with goat anti-mouse immunoglobulin anti- 
body coupled to peroxidase, were used to analyze the nucleic add sequences responsible for the mechanisms of 
infection. Experimental details of the polypeptide purification are described in the Materials and Methods. 
[0095] Constructs MM and NN were used to determine whether any ICP35 coding sequences in the protease are 
essential for ICP35 cleavage. 

Example 3 

Analysis of TVanscriptionai Units 

[0096] The nucleotide sequences of U|_26 surprisingly and unexpectedly were found to be contained in two tran- 
scriptional units. Two probes were constructed to map the transcripts of 11^26. Probe 1 , designed to identify the 5' ter- 
minus of the U|_26 in RNA, consisted of the EcoN\-BamH^ fragment labelled at the BamH\ site whereas probe 2 
consisted of the Xcm\'BstE\\ fragment labelled at the 6s/EII site. 

[0097] An autoradiographic image of DNA probe 1 (A] and probe 2 (B) hybridized to total cytoplasmic RNA from 
mock-infected and 12-h-infected Vero cells and digested with SI nuclease, is presented in FIG. 3. The RNAs were pre- 
pared as described in the Materials and Methods herein. In FIG. 3. lane 1 (PS), an S1 -digested probe 1 appears as it 
is under the same conditions of hybridization and digestion as those shown in lanes MOCK and HSV-1 . 
[0098] Lanes 2 and 8 (MOCK), shows RNA extracted from cells 12 h after mock infection. I^nes 3 and 9 (HSV-1), 
shows RNA extracted from cells infected with HSV-1 (F) and maintained for 12 h. 
[0099] Lanes 4 and 7 (P), indicate positions of the undigested probes (probe 1 or 2). 

[0100] Lanes 5 and 7 (M), present 5' end-labeled fragments obtained from digestion of PQEM3Z DNA with the 
enzyme Mspl 

[0101] Arrows in FIG. 3 indicate the protected 5' termini of Ul26(A) and Ul26.5(B) RNAs. T. Position of the HSV-1 
sequences in probe 2 protected by the Ul26 RNA. 

[01 02] The results of the SI analyses illustrated in FIG. 3 are that cytoplasmic RNA hybridized to probe 1 protected 
a fragment approximately 300 nucleotides long(lane 3). 

[0103] Nucleotide 300 upstream from the SamHI site was designated as +1 of UiZS, The first methionine codon 
after the approximate transcription inittation site is at position +180. 

[0104] Cytoplasmic RNA hybridized to probe 2 yielded two sets of fragments protected from Si digestion (lane 9). 
The first fragment contained all of the HSV-1 DNA sequences(band T). The second set of protected fragments fornied 
several bands ranging from 35-40 nucleotides in length(lane 2, band Ul26.5). Thus, the transcription initiation site of 
this transcript was approximately at nucleotide -hIOOO relative to nucleotide +1 of Ul26. The fir^ methionine codon 
downstream from the transcription initiation site of tiiis RNA was at position -I-1099. The longer RNA was designated 
Ul26. 

Example 4 

Location and Isolation Of The ICP 35 Gene 

[0105] In order to localize the position of the coding domain of the gen specifying ICP35. a series of deletions in 
open reading frame Ul,26 were tested for their capacity to express ICP35. 

[0106] BHK c Its w re transferted with plasmid constructs O. N and P (FIG. 1) then infected with HSV-2 (FIG. 4). 
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The tetters across the top of the gel shewn in FIQ. 4 identify the plasmid constructs with which the cells were trans- 
fected. A dash or the absence of a letter indicates that the cells were infected but not transf acted. The vertical lines iden- 
tify the slow-migrating bands. The shortest fragment which yielded HSV-1 ICP35 was plasmid E(lane 2). Because this 
plasmid construct was expressed from its endogenous promoter, the results indicate that th sequences contained in 
5 the Hpal-PstI fragment contain both the coding sequences and the promoter of th gene encoding ICP35. Plasmid E 
contains all of the sequences of U|^26.5 RNA plus 168 nucleotides. 

Example 5 

w Open Reading Frame Isolation And Characterization 

[0107] In FIG. 5, a photograph of polypeptides extracted from cells transfected with plasmid constructs and super- 
infected with virus, was talcen after electrophoretical separation in polyacrylamide gels, electrical transferring to nitro- 
cellulose sheets, and reacting with monoclonal antibody H725 (IHSV Ab) or CH28-2 (CMV Ab). The letters across the 

15 top of the gel identify the plasmid constructs with which the cells were transfected. A dash or the absence of a letter 
indicates that the cells were infected but not transfected. The vertical lines identify the slow-migrating bands. 
[0108] FIG. 5 shows that BHK cells transfected with construct J,K. or L made a family of proteins which reacted with 
both anti-HSV-1 ICP35(H725) and anti-CMV(CH28-2} monoclonal antibodies. The fornr^tion of the characteristic four 
ICP35 bands by the products of transfection of plasmid construct L indicates that the initiating methionine codon for 

20 1CP35 is at position 1099. 

[0109] These results indicate that the 11^26.5 coding sequences specifying ICP35 constitute a part of, and are in 
frame with, those of Ul26. In the preceding section it was shown that ICP35 could be expressed by transactivation of 
the DNA sequences contained in the Hpa\-Pst\ fragment. Because plasmid construct E could be transactivated by 
HSV-2, it may also be concluded that the coding sequences of Ui_26 include both the coding sequences and the pro- 

25 moter domain of the gene specifying 1CP35. 

Example 6 

Useof Anti-CMV mAb 

30 

[0110] A photograph of polypeptides from cells transfected with plasmid constructs and superinfected with HSV-1 , 
was taken after electrophoretical separation in SDS polyacrylamide gets, electrical transfening to nitrocellulose sheets, 
and reacting with monoclonal antibody H725 (HSV Ab) or CH28-2 (CMV Ab). The letters across the top of the get 
shown in FIG. 6 identify the plasmid constructs with which the cells were transfected. A dash or the absence of a letter 
35 indicates that the cells were infected but not transfected. The vertical lines identify the slow-migrating bands. These 
results indicate that use of the anti-CMV monoclonal antibody obviates the need to superinfect the cell with a heterolo- 
gous virus. 

Example 7 

40 

Identification, Isolation and Characterization of the Product of the Ul26 ORF 

[01 1 1 ] FIG. 7 presents autoradiographic images and a photograph of polypeptides from BHK cells transfected with 
plasmid constructs and superinfected with virus, after the cells were etectrophoreticalty separated in polyacrylamide 
46 gels, electrically transferred to nitrocellulose sheets, and reacted with monoclonal antibody H725 (HSV Ab) or CH28'2 
(CMV Ab). The letters across the top of the gel identify the plasmid constructs with which the cells were transfected. 
The vertical line and arrow identify the product of the Ul26 protein. 

[0112] In FIG. 7, \anes 1. 2, and 3 are autoradiographic images of proteins labeled with |^^S]methionine as 
described in the Materials and Methods. The infected cell proteins (ICPs) of HSV-2 were numbered according to Morse 
so etal(l978). 

[01 1 3] Lanes 8, 9, and 1 0 show lysates of the same cells as shown in lane 4, 5, and 6 stained with H725 rather than 
with the CH28-2 monoclonal antibodies. 

[0114] Lane 7 shows the lysate of celts transfected with plasmid construct J, in which Ll|_26 is driven by the a4 pro- 
moter, infected with HSV-1 (F) and nrBirttained at 39''C. Under these conditions, only a and a f ew p proteins are 
55 expressed, but the 1CP35 of HSV-I(F) is not expressed. The tCP35 in the HSV-I(F) viral genome is not expressed. The 
ICP35 encoded by the plasmid construct is expressed inasmuch as the transfected gene is regulated as a p gene. 
[01 15] In the preceding sections it was shown that the sequences encoding 1CP35 overlapped only a portion of the 
sequenc designated the Ul26 ORF Th purpose of the studies presented in the following sections was to id ntify the 
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prcxiuct of the full length Ul26 open reading frame. BHK cells were transfected with plaemid construct O.N, or P (FIQ. 
1). and then infected with HSV-2. The electrophoretically separated proteins from cells transfected with plasmids O.N. 
and P, were reacted with monoclonal antibodies to either HSV-1(H725) or CMV(CH28-2) (FIG. 7 lanes 4 through 6 and 
8 through 10) and th n autoradiographed to provide molecular weight markers (lanes 1 through 3). The salient features 
5 of the results were as foil ws: 

(1) the plasmid constructs O and P containing the CMV epitope inserted in frame with Ui_26 specified proteins 
which formed two bands with electrophoretic mobilities corresponding approximately to proteins with apparent 
molecular weights of 75.000 to 78.000 (FIG. 7. lanes 4 and 6). The CMV monoclonal antibody did not react with 

10 ICP35 bands produced by plasmids 0 and P(lanes 4 and 6). The CMV epitope was inserted at the Hpal restriction 
endonudease site(+832),i.e. before the translation initiation site of ICP35 at position +1099. 

(2) All plasmid constructs made ICP35 which reacted with H725 monoclonal antibody against HSV-1 ICP35. The 
disparity in the electrophoretic mobilities of the ICP35 proteins made by plasmid constructs N and P reflect the 

IS insertion into plasmid construct N of the oligonucleotide encoding an additional 21 amino acids. 

(3) The abundance of proteins specified by the entire Ul26 ORF relative to that of the ICP35 protein may be 
deduced from the observation that while both of the Mr75,000-78,000kd proteins and the ICP35 react with the 
same monoclonal antibody, CH28-2, the reactivity or amount of the larger protein is considerably lower than that 

20 observed for ICP35. 

[01 1 6] The compelling evidence that the two proteins share amino acid sequences is based on the observation that 
construct J under conditions of overproduction of the 11^26 proteins yielded proteins which co-migrated with both the 
larger protein and ICP35 and reacted with the CIH28-2 monoclonal antibody (an'ow, FIG. 7, lane 7). 

25 

Example 8 

Characterization of U|,26 and Ul26.5 Proteins 

30 [01 17] An autoracfiographic image of the ^^S-methionine labeled polypeptides translated in a nuclease-treated rab- 
bit reticulocyte lysate and electrophoretically separated in a 9.5% denaturing polyacrytamide gel are shown in FIG. 8. 
[0118] In lane 1 are translation products of brome mosaic virus templates provided with a kit obtained form 
Promega Biotec, Wl as transcribed according to the manufacturer's suggestions. Lane 2 shows translation products of 
the U|_26 open reading frame in plasmid U. Lane 3 shows the translation product of the U|.26.5 open reading frame in 

35 plasmid T These results indicated that U|_26 and Ul26.5 specify proteins each of which form dout)le bonds with appar- 
ent molecular weights of 80,000kd {Pra) and 45,000 (ICP35d,c) respectively. 

Example 9 

40 The Gene Product of Ul26 Is Required to Process ICP35c,d Into e,f in Transposition 

[0119] A photograph of electrophoretically separated polypeptides from BHK ceils transfected with plasmid con- 
structs and superinfected with HSV-1 (F) either at 34*'C (34°) or at 39**C (39**). electrophoretically separated in polyacr- 
ylamide gels, electrically transferred to a nitrocellulose sheet and reacted with monoclonal antibody H725 to HSV-1 

45 ICP35 (HSV Ab) and stained with goat anti-mouse IgG antibody coupled to peroxidase, is presented in FIG. 9. Experi- 
mental details are described in the Materials and Methods herein. The letters across the top of the gel identify the plas- 
mid constructs with which the cells were transfected. A dash indicates that the cells were infected but not transfected. 
The letters on the side were assigned to different species of ICP according to Braun et al. (1984). 
[0120] The ICP35 bands e and f are the products of the cleavage of the proteins in bands c and d. The proteins 

50 migrating in bands c', d*. e' and f ' contain the CMV epitope and therefore migrate more slowly than the authentic proteins 
in bands c, d, e and f. respectively. 

[0121] Earlier experiments suggested that ICP35c, d were the precursors of ICP35e,f (Braun etal., 1984; Preston 
et al., 1983). To test this hypothesis. BHK cells were transfected with plasmid E containing Ul26.5 gene (FIG. 1) and 
superinfected with HSV-1 (^ at 39*C. This virus is temperature sensitive and at 39**C it does not express its own Ul26 
55 and LIl26.5 open reading frames. The results (FIG. 10) show the following: 

(1) The ICP35 gene resident in the viral genome was expressed at 34*'C (lane 1) but not at 39°C (lane 2) as evi- 
denced by the presence and absence of the ICP35 bands reactive with the H725 nrx>noclonal antibody to ICP35, 
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respectively. 

(2) ICP35C, d were the only two species of ICP35 proteins expressed from the one reading frame in plasmid E at 
39°C (lane 4), whereas at least ICP35c, d, e and f could be detected in lysates of productively infected cells main- 
5 tainedat34*'C(lane1). 

[0122] These results led to the conclusion that: 

(a) ICP35C. d are the unprocessed forms of the ICP35 proteins; that 

10 

(b) they can be processed Into ICP35e. f; and that 

(c) the processing requires a transacting factor because processing did not occur In the absence of HSV-1(F) late 
gene expression. 

15 

Example 10 

Ul26 Can Act In trans to Process ICPSSc and -d Into ICP35e and -f and Ul26 Is Competent and the Only Viral 
Protein Required for the Processing of iCP35c and -d Into iCP35e and -f 

20 

[0123] To determine whether Ut_26 acts in trans or in cis, BHK cells were transfected with plasmid N as ^e sub- 
strate for processing and with a series of plasmids containing deletions in the 11^.26 open reading frame, infected with 
HSV-1(F), and maintained at 39°C. The results (FIG. 10A) showed the following: 

25 (i) ICP35C and -6 did not autocatalyze their processing Into ICP35e and -f, inasnruch as the lysates of cells cotrans- 
fected with plasmid N and E (FIQ. 1) did not contain ICP35e and -f reactive with the CMV monoclonal Emtibody 
(lane 8). 

(ii) ICPSSc and -d were not processed in BHK cells cotransfected with plasmids N and C or I (lanes 7 and 6]. Fias- 
co mlds C and I contain deletions in the promoter region and at the polyadenylation site of the Ul26 open reading 
frame, respectively (FIG. 1). 

(ill) IGP35C and -d were processed into ICP35e and -f in BHK cells cotransfected with plasmids N and A or B. Plas- 
mids A and B contain the intact 11^26 promoter and open reading frame and the Ul26 coding sequence driven by 
35 the a4 promoter, respectively (lanes 5 and 4). The a-transducing factor is HSV-1(F) induces the a4 promoter to a 
high level at 39''C. The high level of expression of U|,26 may explain the presence of the processed forms of IGP35 
(forms e and f) in lysates of cells cotransfected with plasmids N and B (land 4). 

[0124] The results indicate that 11^26 encodes a protein involved in the processing of ICPSSc and -d into ICPSSe 
40 and-f. 

[01 25] To determine whether 11^26 is the only viral protein required for this processing to exclude the possibility that 
viral genes expressed by the HSV-I(F) genome at 39°C contribute to the catalysis of ICP35. BHK cells were cotrans- 
fected with a constant anrx)unt of plasmid L and different amounts of plasmid B as the genes encoding the substrate 
and the enzyme for the processing, respectively In plasmid L (FIG. 1), the Ul26.5 open reading frame was regulated 
46 by the a4 promoter and the CMV epitope was inserted at the MstW restriction endonudease site, whereas plasmid B 
contained the intact Ul26 open reading frame driven by the same promoter. Since the a4 promoter is a strong eukary- 
otic promoter constitutively expressed in transfected cells (Kristie & Roizman, 1 991 ; Post et al., 1 981 ), expression of the 
Ul26.5 and Ul26 proteins in cells transfected with plasmids L and B did not require superinfections with HSV-1 (F). The 
results (FIQ. 10B) were as follows: 

so 

(i) In the absence of viral infection. ICPSSc and -d were the only two species expressed in cells transfected with 
plasmid L (lane 17). The epitopicatly marked ICP35 expressed by plasmid L was fully processed in cells superin- 
fected with HSV-1 (F) at the permissive temperature (lane 18). As expected, plasmid B did not produce products 
reactive with the anti-CMV antibody (lane 1 1). 

55 

(ii) In the presenc of plasmid B containing U|_26, the epHopically marked ICPSSc and -d expressed by plasmid L 
were processed into ICPSSe and -f. At low concentrations of plasmid B, the extent of accumulation of ICPSSe and 
•f was directly proportional to the amount of Ul26 plasmid DNA cotransfected with plasmid L into BHK cells (lanes 
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12 to 1 6). The decrease in the amounts of ICP35e and -f observed in the presence of the highest amounts of plas- 
mid B may reflect competition between the two plasmids or reduced yield as a result of the toxicity caused by the 
high amounts of DNA. 

5 [0126] The conclusion from these studies that the product of Ui_26 is the only viral factor both competent and suffi- 
cient to process ICP35c and -d into ICP35 e and -f. 

Example 11 

10 The Protease Effects Carboxyl Terminal Cleavage 

[01 27] A photograph of polypeptides from cells transfected with plasmids and either mock*infected or superinfected 
with HSV-1 (F) (HSV-1) or HSV-2(G) (HSV-2) either at 34'C (34«, lanes 1 and 4), at 39<»C (39°, lanes 2 and 5), or at ST'^C 
(lanes 3 and 6-14), electrophoretically separated in denaturing polyacrylamide gels, electrically transferred to a nitro- 
ns cellulose sheet, reacted with monoclonal antibody H725 (HSV-Ab) or CH28-2 (CMV Ab) and stained with goat anti- 
mouse IgG antibody coupled with peroxidase, is presented in FIG. 1 1 . The letters across the top of the get identify the 
plasmid constructs with which the cells were transfected. A dash indicates that the cells were infected but not trans- 
fected. 

[01 28] Another aspect of this invention is the type of cleavage effected by the protease. Processing of ICP35c, d to 

20 e. f involves carboxyl termir^ proteolytic cleavage. 

[0129] Inasmuch as ICP35e, f specified by plasmid N comigrated in denaturing gels with ICP35c, d produced in 
HSV-1 infected cells (FIG. 10. Panel A, lanes 1 and 5), it may be deduced that the portion of the ICP35 cleaved during 
processing is roughly equivalent to the size of the CMV amino acid sequence inserted into plasmid N. To determine 
whether ICP35 processing involves carboxyl terminal proteolytic cleavage, BHK celts were transfected with plasmids J, 

25 R, S and W and superinfected with HSV-2. Plasmid R contained the CMV epitope (sequence A) inserted in the Pmll 
site of U|_26.5 whereas in plasmids S and W the insert was at the carboxyl terminal amino add. Analyses of the elec- 
trophoretic separated, electrically transferred polypeptides with the anti HSV-1 (H725) and anti CMV (CH28-3) mono- 
clonal antibodies revealed the following (FIG. 11): 

30 (1) Cells transfected with plasmid J in which the CMV epitope was inserted at the Mstll site 122 amino acids 
upstream from the Ul26 stop codon made both the precursor ICP35c. d and products ICP35 e, f which reacted with 
the CMV antftxxly (lane 8). The decrease in the electrophoret'c mobility of ICP35c, d. e and f relative to the wild 
type proteins corresponds to the Increase in the molecular weight due to the insertion of the CMV epitope. 

35 (2) Only 1CP35C, d were made in cells transfected with plasmid Q (Lanes 3 and 6). In this plasmid the CMV epitope 
was inserted into the Pmll site of U|_26, which is 21 amino acids upstream from Ui_26.5 stop codon. The identifica- 
tion of the ICP35C, d forms was based on the otsservation that they co-migrated with the corresponding forms spec- 
ified by plasmid L which expressed only ICP35c, d in transfected celts (FIG. 10, Panel B, lane 17). 

40 (3) Insertion of sequence C into plasmid R at Pmll restriction endonudease site destroyed this site and created a 
new Pmll deavage site between the carboxyl terminal amino acid and the stop codon of Ul26 without changing the 
amino acid sequences of either U|_26 or Ul26.5. ICP35c, d. e and f detected with H725 monodonal antibody co- 
migrated with the authentic proteins (lane 11), indicating the insertion of sequence C had no effect on ICP35 
expression and processing. 

45 

(4) In plasmid S and W the CMV epitope was inserted into the new Pmll site of plasmid R at the cartx)xy1 terminus 
of Ul26.5. Cells transfected with these plasmids accumulated ICP35c, d e, and f reactive with HSV-1 H725 mono- 
donal antibody (lanes 10, 14) but only the ICP35c and d forms reacted with the CMV CH28-2 monodonal antibody 
(lanes 9, 14). The significant finding is that whereas ICP35c. and d forms of plasmid S co-migrated with the core- 
so spending fdrn^ of plasmid J. i.e. they were 21 annino adds longer than wild type, the ICP 35e, f indicating that the 
inserted amino add sequence encoding the CMV epitope was removed (lanes 9 and 10). The products spedfied 
by plasmid W behaved in the same manner (FIG. 1 1). ICP35e, and f specified by plasmid W were more abundant 
than those specified by plasmids S and R possibly because in plasmid W the entire U|_26 open reading frame was 
reconstituted and more of the protein product was expressed and made available to process ICP35. 

55 

[0130] The deavage of the precursor ICP35 protein Is approximately 20 amino acids from the carboxyl terminal 
codon. Evidence for this conclusion was that 
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(1) insertion of the CMV epitope 21 amino acids from the terminus interfered with the cleavage, whereas insertion 
of the epitope at the cariDoxyl terminus enabled the cleavage to take effect; 

(2) the comigration of ICP35e', and f (with CMV epitope) and ICP35c, d. The comigration places the CM V-inserted 
5 e and f in the same approximate gel location as c. d in the authentic protease. 

[0131] An unexpected correlation between the cleavage mechanism used to produce the ICP35 subunits and to 
autoprocess the U|^26 protease was that both involve carboxyl terminal proteolytic cleavage. In the preceding sections, 
it was demonstrated that U|_26 is the only viral factor responsible for the carboxyl terminal proteolytic processing of 
10 ICP35. Ul26 coding for the protease and IIl26.5 coding for ICP35 also share the same cartx>xyf terminal amino acid 
sequence. The possibility that Ul,26 cleaves itself emerged from the observation that in BHK cells transfected with plas- 
mid P (FIG. 1) and superinfected with HSV-1{F) either at 34<>C or at 39^C expressed a doublet band of Ul26 (FIQ. 1 1 . 
lane 4 and 5) which reacted with CH28-2 monoclonal antibody This observation suggested the possibility that Ul26 
may catalyze its own cleavage because HSV-1 (F) expresses primarily a genes at 39°C. 

15 

Example 12 

The Protease Cleaves Itself 

20 [0132] In FIQ. 12 an autoracfiographic image of ^S-methionine labeled polypeptides encoded by U|,26 open read- 
ing frame, and electrophoretically separated in a denaturing polyacrylamide gel, is shown. The 11^26 open reading 
frame contained in plasmids U and V (FIG. 1) was transcribed in vitro and translated in a nudease-treated rabbit retic- 
ulocyte lysate. The lanes shown represent positions removed from the translation mixture at 10, 20, 90, and 360 min- 
utes post initiation of translation. For samples shown in lanes 4-7 and 12-15. cycloheximide was added to the 

25 translation mixture at 10 minutes post initiation of translation to inhibit further translation. In the case of lanes 1-3, the 
translation mixture at 1 0 minutes post initiation of translation was diluted 1 0-fold in phosphate-buffered saline containing 
cycloheximide (100 ng/ml). 

[01 33] Additional evidence that 11^26 can catalyze its own cleavage emerged from in vitro studies. RN A transcribed 
from plasmids U or V (FIG. 1) in vitro by T7 of Sp6 RNA polymerases were translated in a nuclease treated rabbit retic- 
30 ulocyte lysate in the presence of [^^S]-methionine. Analyses of the electrophoretically separated products of the trans- 
lation reaction were as follows (FIG. 12): 

(1) InciAMtion of the translation products of the U plasmid in the presence of cycloheximide resulted in gradual 
accumulation of the deavage product {Prb) of the Ul26 protein. The amount of accumulated cleavage product was 

35 proportonal to the duration of the incubation (lanes 1 6-19). 

(2) Identical results were obtained with the translation of products of plasmid V. The significance of this experiment 
stems from the presence of the CMV epitope at the carboxyl terminus of Ul26. As expected, the precursor form of 
11^26 made from plasmid V migrated more slowly than the authentic protein derived from plasmid U. However, the 

40 processed from of Ui_26 synthesized from plasmid V co-migrated with that of the authentic protein from plasmid U, 
indicating that the Ul26 autoprocessing involves cartx)xyi terminal proteolytic deavage. 

Example 13 

45 Cleavage of ICP35C|d and Pra are Sequence Specific and are at the Same Site 

[0134] Autoradiographic images (FIG. 13, Panel A) and a photograph of polypeptides (FIG. 13, Panel B) either syn- 
thesized in vitro from sequences encoded in plasmids U or Y or contained in lysates of cell transfected with plasmids X 
or Z and superinfected with HSV-1 (F) or HSV-1 (Q) are presented in FIG. 13. The in vitro synthesized polypeptides and 

50 those contained in cell lysates were electrophoretically separated in the same denaturing 12% polyacrylamide gel. 
electrically transfen^ed to a nitrocellulose sheet, and reacted with monodonal antibody anti-mouse IgG conjugated with 
horseradish peroxidase (Anti-IgG) only, or with this anti-IgG antibody in addition to the monodonal antibody H725 (HSV 
Ab) or CH28-2 (CMV Ab). A dash indicates that the cells were infected but not transfected. The polypeptides shown in 
panel A were labeled with ^^S-methionine. The band designations were as follows: Letters c, d. e. f. without primes 

55 identify authentic ICP35 products of Ul26.5 open reading frame. Pra and Prb are the translation processed forms of 
the protease products of the U|_26 open reading frame. The double and triple primes indicate that the protein also con- 
tains the CMV epitope and the sequence encoding two IgG and five IgG binding domains of staphylococcus protein A, 
respectively PA" and PA " are the cartxDxyl terminus products f the cleavage of the ICP35c, d and Pra proteins c n- 
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taining inserts of CMV eprtop and IgQ binding domains. 

[01 35] TTie cleavage of ICP35c, d and Pra are sequence-specific and are at the same site. The results of the exper- 
iments presented herein suggested that the cleavage/processing of the products of U|_26 and Ul.26.5 occurred at a site 
approximately 18-25 amino adds from the carboxyl terminus of the proteins. To demonstrate that the processing of 

5 these proteins occurs at the predicted site, it was necessary to denrionstrate both products of the cleavage reaction on 
the same gel. In rder to visualize both products, it was n cessary to insert into the coding sequence at the predicted 
carboxyl terminus both the epitope for the CMV monoclonal antibody and the sequences encoding the IgG binding 
domains of staphylococcal protein A. Plasmids X and Z were constructed by Inserting in frame the sequences coding 
for 129 and 256 amino acids comprising two and five IgQ binding domains of protein A, respectively, in frame between 

10 the 3' terminus of the CMV epitope and the stop codon of Ul26 (FIG. 1). 

[0136] Two experiments were done. In the first, the HSV-1 open reading frames in plasmids U and Y were tran- 
scribed and translated for six hours. The proteins translated /n vitro were then electrophoretically separated in a dena- 
turing get (FIG. 13. Panel A). In the second experiment. BHK cells were transfected with plasmids Z or X and then 
superinfected with HSV-2(G). The cell lysates were electrophoretically separated in the same gel as that used for the 

15 separation of the in vitro translated protein, electrically transferred to a nitrocellulose sheet, and reacted with antibody 
to CMV, HSV, or with anti-IgG antibody that would bind to IgG binding domains of protein A (FIG. 13. Panel B}. The 
results were as follows: 

(i) Autocatalytic processing of the ir) vitro transcribed, translated HSV-1 sequences in plasmid U yielded as 
20 expected the protein bands designated as Pra and Prb. Similar autocatalytic processing of the products of the Z 

band yielded three bands. The first band migrated slower than the authentic precursor Pra band, as would be 
expected from the presence of additional 256 amino acids of protein A and the 21 amino acids constitution the CMV 
epitope. The second band co-migrated with the Prb band and is therefore the product of the autocatalytic cleavage 
of the translation product. The third band co-migrated with the bands described below and which reacted with the 
25 CMV as well as with the anti-IgG antibody. 

(ii) the expected translation products of the plasmid X were ICP35c. d and Pra. It could be expected that the trans- 
lation products of the plasmid Z should be similar except that, because of the smaller inserts of the protein A 
sequences, these proteins should migrate correspondingly faster than those of the plasmid X. This was in fact the 

30 case (compare lanes 3.5 and 8 with those of 4, 6 and 9). H could also be predicted that if the cleavage of the 
ICP35C, d, occurs as expected 20 amino acids from the carboxyl terminus of the authentic protein, that the amino 
terminus products of the cleavage reaction should co-migrate with the authentic ICP35 and react only with the HSV- 
1 monoclonal antibody. This was in fact the case inasmuch as ICP35e and f produced by plasmid Z and X (lanes 5 
and 6) co-migrate with the authentic ICP35e and f (lane 7) and were detectable solely by the HSV-1 specific mon- 

35 oclonal antibody. Conversely, it could be expected that the carboxyl terminus products of the cleavage reaction 
should migrate in accordance with their size, and should react with both anti IgG and CMV antibodies. As shown in 
Panel B of FIG. 7 the bands reactive with the anti IgG antibody from lysates of cell transfected with plasmid X 
migrated slower than the corresponding Z bands. However, because all of the carboxyl terminal cleavage products 
contained the IgG binding domains of protein A, ail of the protein products would be expected to react with IgG irre- 

40 spective of specificity of the immunoglobulin (e.g.. bands 5 and 6). 

[0137] Inasmuch as both products were detected, the results indicate that ICP35c. d and Pra, the products of the 
Ul26.5 and Ul26, respectively, are both translationally processed by cleavage. Because the two proteins share amino 
acid sequences for the entire length of ICP35c, d and because the products of the cleavage of the two proteins co- 
<5 migrate, the two proteins are cleaved at identical sites. Finally, the translational products of both open reacOng frames 
in vitro resolve into double bands. The double bands are particularly noticeable in the case of ICP35 (forms c and d). 
In all of the experiments done to date including those shown in FIG. 1 1 the carboxyl terminal product of the cleavage 
formed a single band. This observation is consistent with the hypothesis that the differences in the proteins which form 
the doublets are at the amino rather than the CeU^boxyl termini of the proteins. 

so 

Example 14 

Expression System of Protease as an Assay 

55 [0138] Shown in FIG. 14 is the autoradiographic image of ^^S-methionine labeled polypeptides encoded by Ul26 
open reading frame electrophoretically separated in a denaturing gel. The U|_26 open reading frame contained In plas- 
mid U and Y (FIG. 1) was transcribed in vitro and trandated in nuclease treated rabbit reticulocyte lysates. Lane 1 
shown represents the portion removed from the translation mixture at 360 minutes post initiation of translation. Lanes 
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2-5 shown represent portions removed from the translation mixture either at 1 0 minutes (0) or at 360 minutes (360) post 
Initiation of translation. For samples shown in lanes 2-5, the equivalent amount of translation mixture at 10 minutes post 
Initiation of translation was diluted 20-f6ld in phosphate-buffered saline containing cydoheximide (100 micr gram/ml) 
and either sodium dodecyl sulphat (SDS) (0.4%) (lane 3) or phenylmetiianesutfonyl fluoride (PMSF) (500 miao- 
5 grams/ml) (lane 4). 

[0139] As shown in FIQ. 14, PMSF was capable of partially inhibiting the protease self-cleavage. In lane 5, normal 
self cleavage is shown. In line 3, there Is 100% inhibition by SDS. The Interpretation of Fig. 14 is ttiat 1) SDS. a dena- 
turing detergent, completely Inhibits protease activity (lane 3); 2) tiie protease can self-cleave In tiie absence of a pro- 
tease inhibitor: and 3) there is partial inhibition of protease by PMSF, a serine protease inhibita. 

10 

Example 15 

Characterization of Domains of the Protease Protein 

IS [0140] Characteristics of ttie protease protein include: (i) it contains several donr^ns which are not required for its 
catalytic activity and (ii) the active site is near tiie amino terminus of the protease. 

[0141] The experimental design employed to arrive at tiiese characteristics was based on two observations. First, 
insertion of additional amino acid sequences including the IgG binding domains from staphylococcal protein A into the 
cartx»cyl terminus of tiie protease does not interfere with tiie self cleavage of tiie protease, but yields a readily detecta- 
20 ble product of tiie reaction. Second, insertion of the sequence encoding a 20 amino add epitope of human cytomega- 
lovirus monoclonal antibody in frame into tiie coding domains of the \J{2S and U|_26.5 ORFs serves two purposes. 
Foremost. It serves to identify specifically the products of tiiese ORFs. Second, by separating the various domains of 
the protease, rt serves to identify regions of the protease which must be contiguous for its catalytic function. 

25 A. Delineation of the functional domains of the UL26 protein. 

[0142] Three sets of nrujtants of the Ui.26 protease (Table I) were used to explore tiie protease domains. Set 1 was 
prepared for mapping of the U|.26 and 11^26.5 open reading frames and consisted of 3 U|_26 genes into which were 
inserted in frame at various sites. DNA sequences encoding a 20 amino acid CMV epitope. 
30 [0143] The second set consisted of 1 0 Ul,26 gene constructs with either stop oodons or deletions spanning various 
regions of the gene (Table I). 

[0144] Set 3 consists of 6 U|_26 genes containing substitutions in predicted amino acid sequences starting in the 
region of amino acids 7 to 215. As described in tiie following sections, the U|_26 gene In each of these plasmlds was 
expressed from an a4 promoter. The target of the protease was usually the Ul26.5 gene cloned in plasmid L (FIG. 1) 
35 and containing in frame the CMV epitope insert The exceptions, clones P and J contained tiie U|_26 gene containing 
the CMV epitope either in the coding sequence of botti the U[_26 and U|_26.5 gene (plasmid J) or only in the U|_26 coding 
donr^n (plasmid P). 

[0145] Typically, BHK cells were ti^ansfected witii plasmid L and one of tiie plasmids encoding a protease, and 
superinfected with HSV-I(F) atSQ^'C. The cell lysates were electrophoretically separated in denaturing gels, transferred 

40 to a niti'ocellulose sheet and reacted witii the HSV monoclonal antibody H725 which reacts with all Ul26.5 products and 
CMV monoclonal antibody CH28-2 which reacts only witii the Ul26.5 products which contain the CMV epitope (see 
FIG. 15). Because the HSV-I(F) contains a temperature sensitive lesion In tiie a4 genes specifying the major HSV-1 
regulatory protein, it does not express its own Ul26 protease or suk>strate at SS^'C. However, the a-gene ^ans-inducing 
factor (VP16) is functional at higher temperatures (Post et al., 1981; Batterson et al., 1983) and transactivates the 

45 expression of the genes specifying both the protease (U|_26) and the substrate (Ul.26.5). The results (FIG. 15) were as 
follows: 

(1) The Ul26.5 gene resident in the viral genome yielded protein bands reactive witii tiie HSV monoclonal antibody 
at 34**C (lanes 1 and 1 4) but not at 39**C (lanes 2 and 15). Furtiiermore, the presence of tiie products of proteolytic 

50 cleavage (bands e and f) indicate that the viral protease encoded by U|_26 was also made at 34''C. 

(2) The Ul26 protease encoded in tiie viral genome was not expressed at 39''C (lane 3). Thus in the absence of 
the plasmid encoding the protease, the substrate encoded by plasmid L was made (k>ands c, d) but not cleaved to 
yield bands e. f indicating tiiat tiie proteases encoded in tiie viral genome was not expressed at tiie non permissive 

55 temperature. 

(3) Only the precursor forms of ICP35 c, d derived from plasmid L accumulated in cells transf acted with the mutated 
Ul26 genes in plasmids H (lane 4), G (lane 5), CC (lane 7), D (lane 9), DO (lane 11). FF (3 lane 13). and II (lane 
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21), and JJ (lane 23). In these plasmids, the protease activity of the gene product was inactivated. 

(4) Both the precursor and product fornns of ICP35 derived from Plasmid L accumulated in cells transfected with the 
mutated Ul26 genes AA Oanes 6). B (FIG. 15, lane 8). BB (lane 10), EE (lane 12), GG (lane 20). HH (3 lane 19), 
and KK (lane 22), P (lane 25). MM (lane 26) and NN (lane 27). 

(5) As noted above, in plasmid P the 20 amino acid epitope was inserted after the amino acid 218, i.e. upstream 
from the coding domain of the siisstrate protein encoded by 11^.26.5. The protease encoded by plasmid P cleaved 
itself (lanes 16. 1 7) and ICP 35 (lane 25). Plasmid J contained the CMV insert after the amino acid 51 4 [FIQ. 1). In 
the assays (lane 18), it cleaved the product of the Ut26 encoded in plasmid J itself. The only cleavage product 
detected in this assay was band e. Because the epitope was also inserted Into the U|,26.5 protein, it is conceivable 
that the inserted 20 amino acid epitope interfered with, and diminished the efficiency of, the cleavage. The protease 
encoded by plasmid Q (FtG. 1 and Table I) encodes a protease which cleaved the product of the Ul26 genes spec- 
ified by other plasmids, but not by the gene encoded In its own domain 
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TABLE I 

List of mutations in the gene encoding the U^26 protease 
Designation Mutation introduced into wild type gene 

insertion Mutants (20 afflino acid cicv epltcpa) 

P Insertion after amino acid 218. 
J Insertion after amino acid 514 • 
Q Insertion after amino acid 615* 

Construction of deletion mutants 

D Deletion of amino acids 1-220. 

G Deletion of amino acid 219-615« 

EE Deletion of amino acids 1-9. 

FF Deletion of amino acids 1-32. 

AA Insertion of stop codon after amino acid 615 

BB Insertion of stop codon after amino acid 514 

CC Insertion of stop codon after amino acid 287 

DD Insertion of stop codon after amino acid 218 

MM Insertion of stop codon after amino acid 306 

NK Deletion of amino acid 307-635 

Amino acid substitutions 

GG Gly7AspAr9 with SerArgThr (new Xbal site)* 

HH Asp3|SerGly with LeuAspMet (new Xbal site) 

II His^i with Val (new Aatll site) . 

JJ HiSia with Ala (new PstI site) . 

KK Serjii with Ala (new Nhel site) . 

LL ASP34 with Ala (new Nhel site) 

*Tbe flUbstinded teipMUum wen u foUowv: ptumid OO: CCOGOAOACXraATOwiifa CXXTrCTAOAAOCATO; plumid 
HH TATOACAOCOOOGACwib TATCTAGACATOGACpluaid a. OACCACCOC wib GACOTCOOC; pUanid JJ: 
CXXX>CX3TCwift OCTOCAOTC; pbimid KK: ACOdTTCCACCviih ACXXTTAOCCACC; plunud LU 
OOCX^CTCOOOOwiih OOOOCTAOCOOC 

because the epitope inserted after amino acid 615 interfered with the cleavage. 
[0146] FIG. 16. is a summary in the form of a schematic representation of the results of th mutag nesis studies. 
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The numbers refer to the amino acid numbers predicted from the nucleotide sequence of the U|_26 ORF reported by 
McGeoch et al. (1988). The amino acids shown for insertion are immediately preceding the site of insertion. The amino 
acids are identified by a single letter code. Open symbols indicates that the protease was functional. Closed symbols 
indicates the protease was inactivated by nruitagenesis. The line at the bottom of the figure identifies the domains of the 
5 protese (Nos. I-IV) The restriction endonuclease sites were abbreviated as follows: B: BstEII. H: Hpal. M: Mstll, P: 
Pm1 1. Me represents the methionine translati ninitiati ncodon f 11^26.5 open r ading frame. 

B. Characteristics of the domains of the U^26 protease. 

10 [0147] The results shown in FIG. 15 and summarized in FIG. 16 indicate that the Ul26 protease consists of 4 
domains of which two are dispensable and two are not The dispensable domains I and IV exterxi from amino add 1 
through 9, but not to 32, and from the carboxyl terminus (amino acid 635) to at least 307 but not to amino add 287, 
respectively. The domain No. Ill appears to extend from at least amino acid 21 8 to at most amino acid 306. This domain 
can be displaced by at least 20 amino acids (CMV epitope insertion after amino acid 218) relative to the amino terminal 

IS portion of the protease. Domain No. II is also not dispensable and apparently is located between amino acids 10 and 
218. 

C. The catalytic domain of the U\26 protease . 

20 [0148] The studies with protease inhibitors suggest that the U|_26 could be predicted to belong to either the chymo- 
trypsin or subtilisin superfamilies of serine proteases (Kraut, 1 977; Neurath, 1 983). A shared property of the two serine 
protease superfanvlies are active sites containing histidine, aspartic add, and serine amino acids. 
[0149] The substrate of the protease, ICP35 has been reported to play a role as a scaffolding protein in the assem- 
bly of the HSV capsid (Newcomb et al.. 1991). The sequence of events in the replication of other herpes viruses is sim- 

25 ilar. and homologues of ICP35 have been reported (Robson and Gibson, 1989). Of particular interest was the question 
whether homologues of the Ul26 ORF in other herpes viruses contained conserved histidine. aspartic acid arxi serine 
amino adds which triad plays a role in the proteolytic activity of Ui^26 protease. 

[01 50] Nudeotide sequence comparisons indicate that the ORF 33 of varicella zoster virus and the CMV Lit.80 ORF 
of human cytomegalovirus encode homologues of the Ul26 ORF of HSV-1 (McGeoch et ai., 1988; Chee et a!., 1990; 

30 Davison and Scott, 1986). The amino add sequence comparison between HSV Ul26, CMV Ul80 and VZV gene 33 
protein indicated the amino terminus is the most conserved domain of the Ul26 protease. The conclusion that the pro- 
tease maps in the amino proximal domain of the U|_26 ORF is consistent with the observation that ICP35, the product 
of 11^26.5 ORF, is devoid of enzymatic activity. To explore the conserved amino adds in the amino proximal domain of 
Ul26, the substitutions in the amino acids encoded in plasmids GG, II, JJ, KK and LL probed Aspsi Ser32. ASP34, Hisei , 

35 I-Iisi48. and Serz^s. The results indicated that the only amino acids whose sitetitutions abolished enzymatic activity 
were the conserved histidines at positions 61 and 148. In antidpation of more defined mapping studies, the catalytic 
domain of the protease most likely maps in domain II of the U|.26 protease. 

D. The function of the other domains of Uj^26 protease . 

40 

[0151] The functions of the domains I, II and III are not known. Because the substrate. ICP35 aggregates to form 
the scaffolding of the HSV capsids, it is likely that the protease is also involved in the scaffolding and that at least 
domain III and possibly also I and IV are required to complex with ICP35. 

45 Example 16 

The Ul26 gene encodes a serine protease 

[0152] The 20 amino acid CMV epitope described herein and the 256 amino acid IgG binding domain of protein A 
50 (plasmid Y, FIG. 1) were inserted between the terminal amino add and the stop codon of 11^,26 ORF Transcripts of the 
coding domain of plasmid Y by the Sp6 RNA polymerase were translated in a nuclease-treated rabbit reticulocyte lysate 
in the presence of [^^S]-metNonine for 10 min. The cycloheximide was added to stop further trsmslation and. the trans- 
lation product of the Y plasmid was incubated for another 6 hours to allow self-cleavage in the presence of protease 
inhibitors. The products of the reaction were then electrophoretically separated on denaturing polyacrylamide gels. 
55 Autoradiographic images of the electrophoretically separated polypeptides translated in vitro in a nudease-treated rab- 
bit reticulocyte lysate from ^e synthetic RNAs transcribed in vitro off the U(_26 ORF cloned in plasmid construct Y are 
shown in FIG. 17. The lanes shown represent portions denatured for electrophoresis immediately after the 10 minute 
synthesis (lane 15, 28) or after an additional 6 hours of reaction in the pres nee of cycl heximide (lOOjig/ml) alone or 
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with protease inhibitors (^M) shown (lanes 1 -4. 16-27, and 29-47}. All the protease inhibitors were dissolved in dimethyl 
sulfoxide (DMSO) prior to use. 

The results (FIG. 17) were as follows: 
[0153] 

(1) The products of the 10 minute translation formed a single labeled polypeptide band containing the undeaved 
protease (Pra) (lanes 15 and 28). 

(2) After six hours of reaction In the presence of cycloheximlde (100 ug/ml) but in the absence of protease Inhibi- 
tors, the translation mixture fomned three bands con^esponding to the intact translation product (Pra), the amino ter- 
minal (Prb), and the carboxyl terminal (PA) portions of the cleavage products of the translation (lanes 9, 1 0, 21 , 22, 
and 33). 

(3) The anrK)unts of cleavage products, Prb and PA were reduced in translation mixtures reacted in the presence of 
cydoheximide and the lower concentrations of the serine protease inhibitors diisopropyl fluorophosphate (DPP, 
Sigmai. St. Louis, Ml), L-1 -tosylamido-2-phenyiethyl cWoromethyl ketone (TPCK, Sigma), W-a-p-tosyl-L-lysine chlo- 
romethyi ketone (TLCK, Sigma), phenylmethylsuHbnyl fluoride (PMSF, Sigma), and chymostatin (Boehringer Man- 
nehim. Indianapolis, IN). At the highest concentrations tested the digestion products were not detected (lane 1 . 29. 
34, 39, and 44). (4) The deavage of the translation product (Pra) was not affected by the cysteine protease inhibi- 
tors iodoacetic acid (Sigma) and cystatin (Boehringer Mannheim; lanes 5-9, 22-27), by ethyleneglycol-bis (p-ami- 
noethyl ether), N, N, N\ N'.-tetraacetic acid (EQTA), a chelator and inhibitor of metalloprotease (lanes 12-14). or by 
the aspartic add protease inhibitor pepstatin (Boehringer Mannheim; lanes 15-21). 

[0154] These results are consistent with the hypothesis that U|_26 gene product is a serine protease. 

Example 17 

Detection of a Candidate Inhibitor Substance 

[0155] In still further embodiments, the present disclosure concerns a method for identifying new herpes viral pro- 
tease inhibitory compounds, which may be termed as "candidate substances." It is contemplated that this screening 
technique will prove useful in the general identification of any compounds that will serve the purpose of Inhibiting the 
herpes protease. It is further contemplated that useful compounds in this regard will in no way be limited to proteina- 
ceous or peptidyl compounds. In fact, it may prove to be the case that the most useful pharmacologic compounds for 
identification through application of the screening assay will be non-peptidyl in nature and, e.g.. which will be recog- 
nized and bound by the enzyme, and serve to inactive the enzyme through a tight binding or other chemical interaction. 
[0156] Thus, in these embodiments, the present invention is directed to a method for determining the ability of a 
candidate substance to inhibit the protease encoded by the Ul26 open reading frame, the method including generally 
the steps of: 

(a) obtaining a composition comprising a herpes protease that is capable of cleaving its own amino acid sequence, 
or cleaving the ICP35 protein or any amino acid sequence containing the cleavage site for this protease; 

(b) admixing a cancfidate substance with the protease connposition; and 

(c) determining the ability of the protease to effect deavage in the presence of the candidate substance. 

[0157] An important aspect of the candidate substance screening assay hereof is the ability to prepare a protease 
connposition in a relative purified form, for example, in a manner as discussed herein. This is an important aspect of the 
candidate substance screening assay in that without at least a relatively purified preparation, one will not be able to 
assay spedf ically for protease inhibition, as opposed to the effects of the inhibition upon other substances in the extract 
which then might affect the protease. In any event, the successful Isolation of the protease now allows for the first time 
the ability to identify new compounds which can be used for inhibiting this herpes related protein. 
[0158] The candidate screening assay is quite simple to set up and perform, and is related in many ways to the 
assay discussed above for determining protease activity. This, after obtaining a relatively purified preparation of the pro- 
tease, one will desire to simply admix a candidate substance with the protease preparation, preferably under conditions 
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which would allow the protease to perform its cleavage function but for indueion of a inhibitory substance. Thus, for 
exannple, one will typically desire to include within the admixture an amount of a known protease substrate such as the 
amino add sequence coded by the U|_26.5 coding sequence or at least the deavage site at which the protease deaves 
ICP35 c. d into e and f. In this fasNon, one can measure the ability of the candidate substance to reduce or alter d av- 
5 age of the herpes proteas substrate relatively in the presence of the candidate substance. 

[01 59] Accordingly, one will desire to measure or otherwise determine the activity of the relatively purified protease 
in the absence of the assayed candidate sut)stance relative to the activity in the presence of the candidate substance 
in order to assess the relative inhibHory capability of the candidate substance. 

[0160] In still further embodiments, the present disclosure is concerned with a method of inhibiting a protease 
10 which indudes subjecting the protease to an effective concentration of a protease inhibitor such as one of the family of 
peptidyl compounds discussed above, or with a candidate substance identified in accordance with the candidate 
screening assay embodiments. This is, of course, an important aspect in that it is believed that by inhibiting the herpes 
protease, one will be enabled to treat various aspects of herpes infections. It is believed that the use of such inhibitors 
to block the action of the protease to produce capsid proteins will serve to treat or palliate the infection, and may be use- 
rs ful by themselves or in conjunction with other herpes therapies. 

1. MgrkgrsfTrgicers) 

[0161] Two monodonal antibodies were used as markers (tracers), one to a stationary epitope mcoded by both 
20 U|^26 and U|_26.5 open reading frames and one reactive with a "movable epitope." The latter was an indispensable tool 
in the identification of the products of the two open reading frames, in the determination of the function of the proteins, 
and in mapping of the cleavage site. Without the "movalale epitope." analysis would depend solely on radioactive tracers 
or monodonal antibodies to oligopeptides corresponding to various domains of the genes. The movable epitope offers 
instant antibody to the product of any open reading frame and, when used in the context of the present invention, it 
25 enormously fadlitated identification of the function of the product of the gene Into which it has been inserted. 

[0162] By inserting the coding sequence of an epitope reactive with a cytolomegalovirus monodonal antibody and 
homologs of the IgG binding domain of staphylococcus protein A into the 3* termini of the coding domains of the two 
open reading frames, the products of the protease deavage were identified, the cleaved protease, designated Prb, and 
I CP e and f. It was also determined by this methodology that the cleavage site for the ICP35 proteins and that separat- 
30 ing the total protease sequence into Pra and Prb, is approximately 20 amino acids from the carboxyi termini of both the 
protease and the ICP precursor. 

[0163] As an example of the investigation of the herpes genome using plasmids with markers, the effect of one of 
the marker-inserted plasmids, S (FIG. 1). used to transfect cells with a portion of the herpes genome is illustrative. In 
this plasmid the CMV epitope was inserted at the carboxyi terminus of the sequence of ICP35. The cells infected with 

35 a portion of the herpes genome in this fashion were then collected and disrupted so that proteins within the cells could 
be analyzed. These proteins were then electrophoretically separated by molecular weight into bands. ICP35 is immu- 
nologically identifiable by the HSV antibody The CMV epitope was sought among the bands by applying the antibody 
to the epitope and detecting a signal indicating the production of an antigen-antibody complex. Results of this immuno- 
logical analysis showed that the CMV epitope was detected in bands c and d, but not in e and f. This indcated that 

40 cleavage of the carboxyi terminus of c and d had taken place to form e and f. 

2. Cell Free Protein Synthesis 

[0164] Another useful technique was a cell free protein synthesizing system. BNA's corresponding to the mRNA'S 
45 of U|_26 and U|_26.5 were transaibed by Sp6 RNA polymerase and translated in nud ease-treated rabbit reticulocyte 
lysates, a cell-free, "ribosome machine." The proteins translated in cell free systems in vitro were labelled with radioac- 
tive labels, separated by gel electrophoresis, and subjected to autoradiography to locate the band containing labels. 
There were two sets of experiments using this general methodology: 

50 (i) lncut>ation of the translation products of the U plasmid in the presence of cycloheximide which resulted in grad- 
ual accunoulation of the cleavage product {Prb) of the Ui_26 protein. The anrK>unt of accumulated cleavage product 
was proportional to the duration of the incubation (FIG. 12, lanes 12-15}. 

(ii) Identical results were obtained with the translation products of plasmid V (lanes 4-7). The significance of this 
55 experiment stems from the presence of the CMV epitope at the cartx)xyl terminus of Ll|_26. As expected, the trans- 
lation product Pra f Ul25 made from plasmid V migrated mae slowly than the authentic protein derived from plas- 
mid U. However, the processed form Prb of Ul26 synthesized from plasmid V comigrated with that of the authentic 
protein from plasmid U, indicating that the LIl26 autoprocessing involves cartxsxyl terminal proteolytic deavage. 
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3. HSV-lfR. a TemperatufB Sensitive Mutant 

[0165] Another tool u&ed in th ansUysis of the HSV genome was HSV-1 (F), a temperature sensitive mutant which 
at 39°C does not express its own Ul26 and Ul26.5 open reading frame. Rather, HSV-1 (F) at the non-permissive tem- 
5 perature induces a-gene promoters (Post et al.. 1981) and expresses primarily the a type genes. 

4. Identification and Use of Protease inhibition 

[0166] If the action of the protease is inhibited, the capsid cannot be produced and the virus will not be replicated. 

10 This inhibition may be either at the level of transcription, translation, or protein action. Interference with transcription 
would necessitate interference with mRNA formation on a DNA template. Interference with translation would necessi- 
tate interfering with the synthesis of proteins on the mRNA tenplate. Alternatively, the action of the protease may itself 
be disrupted either by destroying the structure of the protease, in particular its proteolytic module, altering the cleavage 
site of its substrate, or binding the protease to in-eversible inhibitors. 

15 [0167] Specrflcally designed peptides which block the function of the protease are extremely valuable in preventing 
and treating herpes infections. Embodiments of these blockers include any siA>strate analogues or serine protease 
inhibitor, e.g.. oligopeptides or their derivatives which contain the amino acid sequence of the cleavage she recognized 
by the protease. Methods for identifying suitable protease inhibitors from candidate substances are disclosed in Exam- 
ple 17. 

20 [0168] It is an additional object of the present disclosure to provide a ready means for producing the viral protease 
for use in detecting inhibitors, to develop treatment modalities, to develop antibodies for detection of viral infection, and 
to develop inactive nujtants of the protease. 

[0169] An exennpiary embodiment for preparing the protease protein is to prepare a nucleic acid segment which 
includes a nucleic add sequence capable of encocfing the desired protease protein or polypeptide. This segment may 

25 be that which encodes the entire protease or only some portion of it, for example, the proteolytic domain of the pro- 
tease. The segment may be as small as that capable of triggering a positive signal with an antibody, therelsy, identifying 
the presence of a viral infection. Segments functionally equivalent to those shown in FIG. 1, which were developed in 
the present invention, may also be selected depending on the desired polypeptide to be produced. Functional equiva- 
lence may be determined by testing whether the segment can cleave either the ICP35 precursor or the Pr protease, for 

30 example, using techniques disclosed herein to detect protease inhibitors from among candidate substances. 

[0170] The nucleic acid segment selected is transferred into an environment appropriate for expression of the seg- 
ment as a polypeptide. This environment may be a vessel containing a mixture capable of inducing expression, e.g., a 
rabbit reticulocyte lysate. Alternatively, the segment may be transferred to a host cell by transformation, transfection via 
a recombinant expression vector, electroporation, or a "gene gun." The host cell may be selected from BHK celts. Vero, 

35 Hela, E. coli, and the like. 

[0171] The recombinant expression vector way include a promoter. Embodiments of promoters are the a4 pro- 
moter, the native promoter of Ul26.5, and any other prokaryotic or eukarystic promoters. 

[0172] In another embodiment, the nucleic add segment may be prepared by obtaining genomic nudeic acids from 
herpes cells, amplifying a proteolytic site-conserved nucleic add sequence region within the genonrdc nucleic adds, 
40 preparing recombinant clones which include said amplifying nucleic acid sequences, and selecting dones which com- 
prise the desired amplified nucleic add sequence. 

[0173] The viral protease may also be prepared by obtaining a sample which contains the protease, homogenizing 
the sample, and fractionating the homogenate to obtain a protease fraction. Sannples which contain the protease will 
include biological samples, for instance, virally infected tissues. 

46 

5. Tre atment c f H er pe s Inf ectio n s 

[0174] Treatment modalities contemplated indude topical and systemic medicants. For dermal and epidermal 
lesions, creams, ointments or sprays containing a protease inhibitor, are contemplated. Alternatively, systemic freat- 
50 ment by intravenous injection or ingestion is envisioned to prevent the deleterious outbreak of viral replication due to 
reactivation of latent viral inhabitants of host cells. 

6. Virus and Cells 

55 [0175] The properties of HSV-1 (F) and HSV-2(G), the prototype HSV-1 and HSV-2 strains, respectively, used in this 
invention, and the maintenance and propagation of the thymidine kinase minus baby hamster kidney (BHK) cells have 
been described previously and are incorporated herein by reference (Arsenakis et al.. 1986: Ejerdto et al., 1968; Roiz- 
man and Spear. 1968). 
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7. Monoclonal Antibodies 

[0176] Monoclonat antibody H725 and CH28-2 to ICP35 and CMV glycoprotein respectively, have been 
desaibed previously (Braun et al., 1983, 1984; see also Zweig, 1980. Ltu and Roizman, 1991). The monoclonal anti- 

5 body H725 reacts with ICP35 of HSV-1 but not with HSV-2 proteins (Braun et al., 1983, 1984}. CH28-2 was obtained 
from L. Pereira (Liu and Roizman, 1 991a; Braun et al., 1984). As a substitute, any commercial antibodies for any known 
epitope may be used. CH28-2 is a monoclonal antibody directed against human cytomegalovirus (CMV) glycoprotein 
B. The epitope of this antibody has been mapped to a 20-amino-acid peptide, N-KGQKPNLLDRLRHRKNGYRH-C, by 
assaying the reactivity of a series of overlapping peptides synthesized according to the predicted nucleotide sequerx^e 

10 of the protein. 

8. In Vitro Transcription and Translation 

[0177] 5^ of Plasmid DNA templates linearized with Eco Rl or Hind\\\ were prepared and transcribed in the pres- 
15 ence of cap analog G^pG (New England Biolabs. MA) with Sp6 or T7 RNA polymerase as recommended by Promega 
Biotec, Madison, WL One \ig anv>unts of the RNAs were translated for ten minutes in 50 yil reaction mixtures containing 
nudease-treated rabbit reticulocyte lysate (Promega Biotech, Wl) and [^^S]-methionine (Dupont, NEN Research Prod- 
uct), and the translation was then terminated either by the addition of a disruption buffer (0.05M Tris pH 7.0, 8.5% vol/vol 
sucrose, 5% vol/vol p-mercaptoethanol, and 2% vol/vol sodium dodecyl sulfate) or by 20 fold dilution in phosphate-buff- 
20 ered saline containing cycloheximide (100 ^g/ml final concentration) and various concentrations of protease inhibitors. 
After 6 hrs of reaction in tee presence of cycloheximide the mixtures were denatured in disruption buffer, subjected to 
electrophoresis in polyacrylamide gels, electrically transferred to nitrocellulose sheets as described herein (see also Liu 
and Roizman, 1991 and Braun, 1984) and exposed to Kodak X-Omat films. 

25 9. flansfections and Superinfection of C ells Ttansfected With Plasmid DNAs 

[01 78] Transfections were done as described by Kristie and Roizman ( 1 984) except that wells were generally trans- 
fected with lOug of plasmid DNA &-well Costar (Cambridge, Mass.) dish cultures of BHK. ceils contained approxi- 
mately 10^ cells per well. In most experiments, the transfected cells were exposed 18 to 20 hours post transf action to 

30 1 0 pfu of HSV-1 (F) or HSV-2(G) per cell as stated in the Results. After 2 hours of exposure of cells to virus at 1 0'^C, the 
inoculum was replaced with Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and the 
cells were tncut>ated at 34''C, 37°C, or SS^'C for 20 hours. In the experiments which did not involve viral infection, the 
cells were harvested 40-42 hours post transfection. At 20 hr. postinfection, cells were labelled for 2 hr with 50 ^ Ci of 
^^S methionine in 1 ml of medium (199 without methionine supplemented with 1% calf serum). The harvested cells 

35 were washed once with phosphate-buffered saline, pelleted by centaifugation at about 4,000 rpm for 5 min in a SS34 
Sorvall rotor spun in a DuPont centrifuge, suspended in tiie disruption buffer, sonicated for 20 seconds in ice, and boiled 
for 1 minute before electrophoretic separation in denaturing gels (see also Liu and Roizman, 1991a and b; Ejerdto et 
al., 1968). 

40 10, Electrophoretic Separation and Staining of Infected Cell Proteins With Monoclonal Antibody 

[0179] The denatured, solubilized polypeptides from cell lysates or in vitro translation were separated on 9.5% or 
12% (vol/vol) SDS-polyacrylamide gels crosslinked with N.N'-diallyltartardiamide as described by Gibson and Roizman 
(1972, 1974), and Braun etal. (1984). The separated polypeptides from BHK cells were transferred electrically to nitro- 
45 cellulose membranes and reacted in an enzyme-linked Immunoassay with only anti-mouse IgG conjugated witii horse- 
radish peroxidase (Amersham, Arlington Heights, IL) or with this anti-mouse IgG in addition to tiie monoclonal 
antibodies H725 against HSV-1 . iCP35 or CH28-2 against CMV epitope, as previously described (Braun et al. , 1 984). 
The gels containing the separated polypeptides translated from the reticulocyte tysate were dried and exposed to 
Kodak X-Omat film. 

50 

11, isolation and SI Analysis of C vtopiasmlc RNA 

[0180] Cytoplasmic RNA was purified as described previously by Jenkins and Howett (1984) from Vero cells mock 
infected or infected witii 20 PFU of HSV-1 (F) per cell and maintained for 1 2 h. HSV-1 DNA probe (0.02 pmoQ was 5' end 
55 labeled with [7^^P]ATP (Dupont. NEN Research Products), hybridized to 50 ^g of total cytoplasmic RNA, digested witii 
SI nuclease, and separated on 7% polyacrylamide gels in the presence of 8 M urea (Jenkins and Howett, 1984). 
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12. Methods of Preparing th Proteins of the Present Disclosure 

[0181 ] Recombinant vectors are useful both as a means for preparing quantities of the protease or ICP35 encoding 
DNA itself, or as a means for preparing the encoded proteins. It is contemplated that where proteins of the invention are 

5 made from recombinant means, one may employ either prokaryotic or eukaryotic expression systems. 

[0182] Where expresaon of herpes nudeic add segmerrts in a eukaryotc host is contemplated, it may be desirable 
to employ a vector, such as a plasmid, that incorporates a eukaryotic origin of replication, as exemplified by vectors of 
the pCMV series, like pCMV4. Additionally, for the purposes of expression in eukaryotic systems, one will desire to posi- 
tion the protease or ICP35 encoding sequence adjacent to and under control of an effective eukaryotic promoter, such 

10 as an SV40 or CMV promoter. To bring a coding sequence under the control of a promoter, whether it be a eukaryotic 
or prokaryotic promoter, all that is generally needed is to position the 5' end of the transcription initiation site of the tran- 
scriptional reading frame of the protein between about 1 and about 50 nucleotides downstream of the promoter chosen. 
[0183] Furthermore, where eukaryotic expression is contemplated, one will desire to incorporate into the transaip- 
tional unit which includes the desired peptide or protein, an appropriate polyadenytation site(e.g.5 -AATAAA-S*). Typi- 

15 cally, the poly A site is placed about 30 to 2000 nudeotides "downstream" of the termination site of the protein at a 
position prior to transaiption termination. 

[0184] Useful eukaryotic vectors which include all of the foregoing, and into which the herpes genes of the present 
invention can be inserted with little difficulty are well known. For example, suitable vectas include pCD and pCMV. with 
the most prefenred system being pCMV. In addition to pCD and pCMV vectors, other preferred eukaryotic expression 
20 vectors indude pMSQ and pSVL from Pharmada LKB Technology, Piscataway, N.J. These utilize the MMTV and SV40 
late pronxsters, respectively A cDNA incorporating the entire reading frames of the herpes protein, such as shewn in 
FIG. 1 , can be readily inserted Into one of the foregoing vectors via the Hindlll restriction site (AAGCTQ "upstream" of 
(i.e. S of) the initiation codon (ATQ) that begins translation of the encoded ICP35 precursor. 
[0185] It is contemplated that virtually any of the commonly employed eukaryotic host cells can be used in connec- 
ts tion with herpes gene expression in accordance herewith. Examples indude lines typically employed for eukaryotic 
expression such as AtT-20, HepQ2, VERO, HeU. CHO. Wl 38. BHK. COS-7 RIN and MDCK cell lines. A preferred line 
for use in eukaryotic expression embodiments of the present invention is the BHK system. 

[0186] Prokaryotic expression is an alternative which can be employed where desired. Although not required, 
where prokaryotic expression is envisioned, one will generally desire to employ a transcriptional unit which incorporates 

30 a reading frame con^esponding only to the desired peptide itself, represented by embodiments in FIG. 1 , so that further 
processing will not be required. Typically prokaryotic promoters which may be enployed include Pl.T7 and lac pro- 
moter, with T7 being generally preferred. Other preferred bacterial expression vectors indude plasmid PKK233-2 and 
PKK233-3, available from Pharmada LKB Technology These utilize the tac and trc promoters, respectively. 
[0187] Of course, even where a eukaryotic hook-up and expression is used, one will nevertheless desire to include 

35 a prokaryotic origin of expression, as well as selective markers operable in prokaryotic systems, to allow "shuttling" of 
sequences from construction in prokaryotic to expression in eukaryotes. 

[0188] In certain embodiments, one may desire to simply prepare herpes proteins or peptides in accordance with 
the present invention by non-recombinant synthetic means, such as by chemical synthesis of peptides or cell-free ribos- 
omal "machine".. Suitable peptide syntiiesizers are commerdally available (Applied Biosystems), and may be 
40 enployed. 

[0189] In certain embodiments of the invention it is contemplated that DNA fragments both shorter and longer 
which incorporate sequences from FIG. 1 will find additional utilities, including uses in the preparation of short active 
peptides or even as short DNA fragment hybridization probes, e.g., in screening clone banks. In any event, fragments 
corresponding to the FIG. 1 sequence for stretches of as short as 14-20 or so nudeotides, will find utility in accordance 
45 with these or other embodiments. By having stretches of at least about 14 nucleotides in common with the nudeic acid 
segments of FIG. 1 , or their complements, a DNA segment will have the ability to form a preferential hybrid with herpes 
spedes DNA, particularly under more stringent conditions such as 0.15M NaCl and 0.02M sodium citrate pH 7.4 at 
50«C. 

While a conplementary or common stretch of about 14 or so nucleotides will ensure the ability to form a stable hybrid, 
50 longer stretches of oomplementarily may prove more desirable for certain uses. Thus, one may desire for certain uses 
DNA segments incorporating longer stretches of complementarily. for example, on the order of 18. 22 or even 25 or so 
bases. 

13. Antibodlw Aqgfost the Pretglns of the Prgsgnt Plsclgsvre 

55 

[0190] In other embodiments, the disd sure concerns the preparation of antibodies to the herpes protease and 
spedes derived therefrom, either recombinant or non-recombinantly prepared. For example, it is contemplated that 
antibodies prepared against the herpes protease of FIG. 1 . or other non-human spedes such as bovine or pordne. will 
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have certain advantages over antibodies prepared against the human species, particularly in embodiments where an 
immuno-blnding of reduced strength Is desired. 

[01 91 ] Compositions which include monoclonal antbodies of the present invention may b prepared by first fusing 
spl en cells of a rodent with myeloma cells from the same rodent species, wherein the rodent providing the spleen cells 
5 has been Immunized with the herpes peptide, precursor, or related peptides. The rodent species utilized will generally 
be a mouse, particularly where one seeks to make an antibody against the herpes protease of FIQ. 1 . Of course, where 
a protease is prepared which incorporates structural variations over the one will likely be able to successfully employ a 
hybridoma system according to the species of interest. 

[0192] In addition, the present disclosure provides a method for isolating proteases from other species which may 

10 be found antigenically aoss-reactive with that of HSV-1 . This method includes preparing an immunoadsorbent material 
having attached thereto an antibody to the protease. Numerous immunoadsorbent materials are known to those skilled 
in the art and include, for example, Afft-Qel, Cn-Sepharose, protein A=Sepharose, and numerous other well known 
immunoadsorbent techniques. All such techniques are applicalale to the present disclosure and should prove useful in 
the isolation of the immuno cross-reactive species (for a more complete listing, see Monoclonal Hybridoma Antibodies: 

15 Techniques and Applications. John G. Hurrell, ed., CRC Press, 1982, incorporated herein by reference). 

[0193] Moreover, kits may be provided to allow for a clinical detection of the herpes protease, and related pro- 
teases, in a biologic sample. Such kits would include polyclonal or nrK)noclonal antibodies having specificity for the pro- 
tease or immunologically related protease, in combination with an immunodetection reagent. An immunodetection 
reagent is defined as any reagent for detecting or quantifying the formation of antibody/antigen complexes. Typical 

20 immunodetection reagents include the use of radiolabeled or enzyme-labeled antigens or antibodies. Techniques which 
incorporate labeled antibodies include, for example, RIA (radioimmunoassay) and ELISA (enzyme-linked immuno 
assay). However, numerous other techniques are known which may be employed in immunodetection kits. Patents 
which teach suitable techniques include, for example, U.S. Patents 4,446,232; 4,407,943; 4,399,299; and 454,233. 
[0194] Thus, a typical herpes protease detection kit based on the ELISA technique could include the anti-herpes 

25 protease monoclonal antibody or purified protease antigen (where one seeks to detect circulating antibodies), and a 
second "Immunodetection" antibody capable of specifically immunoreacting witti the purified antigen or anti-protease 
antibody. The second antibody could have a color-generating enzymatic activity associated with it, for example, an 
attached peroxidase nmlecule. When a second 'immunodetection" antibody is employed in this fashion, one will gener- 
ally first form an immunocomplex between the biologic sample to be tested, for example, serum, plasma, urine or tissue 

30 sanples, and the antibody. After forming such an immunocomplex, the immunodetection antibody is added to react 
quantitatively with protease-bound antibody. This complex formation is then quantitated through tiie calorimetric perox- 
idase assay. 

[0195] An alternative to using the above double-antibody technique, one may incorporate the enzyme or racGo-lig- 
and directiy on the anti-protease antibody, and quantification made directly witii tiie use of this directiy labeled antibody. 
35 [01 96] The foregoing type of kit and method is well known and can be viewed generally as including the steps of 
obtaining a biologic sample from a patient, contacting tiie biologic sample with anti-herpes protease monoclonal anti- 
body under conditions which will promote the formation of antibody/antigen complexes and detecting tiie formation of 
a specific immunologic reaction between the monoclonal antibody and tine sample. 

[0197] Neutralizing antibodies are also contemplated which, when bound to the protease or a segment thereof. 
40 render the proteolytic capability of the protease non-functional. 

14, Host Cell Cultures and Vectors 

[0198] In general, prokaryotes are preferred for tiie initial cloning of DNA sequences and constructing the vectors 
45 useful in the invention. For exanple. E. coli. K12 strain 294 (ATCC No. 314460) is particularly useful. Other microbial 
strains which may be used include E. coli, strains such as E. coli B, and E. coli X 1 776 (ATTG No. 31 537). These exam- 
ples are, intended to be illustrative ratiier tiian limiting. 

[0199] Prokaryotes may also be used for expression. The aforementioned strains, as well as E. coli W3110 (F-, 
lambda-, prototrophic, ATCC No. 273325), bacilli such as Bacillus subtllus, or other erftert)acteriacea such as Salmo- 

50 nella typhimurium or Serratia marcesans, and various Pseudomonas species may be used. 

[0200] In general, plasnrdd vectors containing replicon and control sequences which are derived from species com- 
patible with the host cell are used in connection witii tiiese hosts. The vector ordinarily canries a replication site, as well 
as marking sequences which are capable of providing phenotypic selection in transformed cells. For example, E. coli 
is typically transformed using PBR322, a plasmid derived from an E. co// species pBR 322 contains genes for ampicillin 

55 and tetracycline resistance and thus provides easy means for identifying transformed cells. The PBR plasmid, or otiier 
microbial plasmid or phage must also contain, or be modified to contain, promoters which can be used by the microbial 
organism for expression of its own proteins. 

[0201] The promoters most commonly used in r combinant DNA construction include tiie B-lactamase (penicilli- 
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nase) and lactose promoter systems and a tryptophan (trp) pronwter system. While thes are the most commonly 
used, other microbial promoters have been cfiscovered and utilized, and details concerning their nucleotide sequences 
have been published, enabling a skilled worker to ligate them functionally with ptasmid vectors. 
[0202] In addition to prokaryotes, eukaryotic microbes, such as yeast cultures may also be used. Saccharomyces 

s cerevisiase, or common baker's yeast Is the most commonly used among eukaryotic microorganisms, although a 
number of other strains are commonly available. For expression in Saccharomyces, the plasmid Yrp7, for example. Is 
commonly used. This plasmid already contains the trp\ gene which provides a selection marker tor a mutant strain of 
yeast lacking the ability to grew in tryptophan, for example ATCC No. 44076 or PEP4-1 . The presence of the trp\ lesion 
as a characteristic of the yeast host cell genome then provides an effective environment for detecting transformation by 

10 growth in the absence of tryptophan. 

[0203] Suitable promoting sequences In yeast vectors include the promoters for 3-phosphoglycerate kinase or 
other glycolytic enzymes, such as enolase, glyceraldehyde^-phosphate dehydrogenase, hexokinase. pyruvate decar- 
boxylase, phosphofructokinase, glucose-6-phosphate Isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triose- 
phosphate isomerase, phosphoglucose Isomerase. and glucokinase. In constructing suitable expression plasmids. the 

15 termination sequences associated with these genes are also ligated into the expression vector 3' of the sequence 
desired to be expressed to provide polyadenylation of the mRNA termination. Other promoters, which have the addi- 
tional advantage of transcription controlled by growth conditions are the promoter region for alcohol dehydrogenase 2, 
isocytochrome C, add phosphatase, degradative enzymes associated wrtii nitrogen metabolism, and the aforemen- 
tioned glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. 

20 Any plasmid vector containing a yeast-compatible promoter, origin of replication and termination sequences is suitable. 
[0204] In addition to microorganisms, cultures of cells derived from multicellular organisms may also be used as 
hosts. In principle, any such cell culture is workable, whether from vertebrate or invertebrate culture. However, interest 
has been greatest in vertebrate cells, and propagation of vertebrate cells In culture (tissue culture) has become a rou- 
tine procedure in recent years. Examples of such useful host cell lines are AtT-20 VERO and HeLa cells, Chinese ham- 

25 ster ovary (CHO) cell lines, and W138, BHK, COS-7 293 and MDCK cell lines. Expression vectors for such cells 
ordinarily include (if necessary) an origin of replication, a promoter located in front of the gene to be expressed, along 
with any necessary ribosome binding sites, RNA splice sites, polyadenylation site, and transcriptional terminator 
sequences. 

[0205] For use in mammalian ceils, the control functions on the expression vectors are often provided by viral mate- 
so rial. For example, commonly used promoters are derived from polyoma, Adenovirus 2, Cytomegalovirus and most fre- 
quently Simian Virus 40 (SV40). The early and late promoters of SV40 virus are particularly useful because both are 
obtained easily from the virus as a fragment which also contains the SV40 viral origin of replication. Snnaller or larger 
SV40 fragments may also be used, provided there is included the approximately 250 bp sequence extending from the 
Hind III site toward the Bg1 site located In tiie viral origin of replication. Further, It is £ilso possible, and often desirable, 
35 to utilize promoter or control sequences normally associated with the desired gene sequence, provided such control 
sequences are compatible with the host cell systems. 

[0206] An origin of replication may be provided either by construction of the vector to include an exogenous origin, 
such as may be derived from SV40 or ottier viral (e.g.. Polyoma. Adeno, HSV, BPV, CMV source, or may be provided 
by the host celt chronrK>somal replication mechanism. If the vector is integrated into the host cell chromosome, tiie tatter 
40 Is often sufficient. 

15. Nucleic Acid Hybridization to Detect the Sequences Capable of Coding for the Serine Proteases, the ICP35 
Proteins or their BloloQicallv Functional Equivalents. 

45 [0207] The nucleic acid sequence Information provided by the invention allows for the preparation of relatively short 
DNA (or RNA) sequences having the ability to speclfically hybridize to gene sequences capable of coding for at least 
the proteolytic domain of the proteases or the cleavage site of the iCP35 problems. In these aspects, nucleic acid 
probes of an appropriate length are prepared based on a consideration of the sequence shown in FIG. 1 . The ability of 
such nucleic acid probes to speclfically hybridize to the proteases or ICP35 gene sequences lend them particular utility 

50 In a variety of embodiments. Most Inoportantly, the probes can be used In a variety of assays for detecting the presence 
of complementary sequences in a given sample. Other uses are envisioned. Including tiie use of the sequence infor- 
mation for the preparation of mutant species primers, or primers for use in preparing otiier genetic constructions. 
[0208] To provide certain of tiie advantages in accordance with the invention, the preferred nucleic add sequence 
employed for hybridization stucGes or assays includes sequences that are complementary to at least a 14 base nude- 

55 otide stretches of tiie sequence shown In FIG. 1 . A size of at least 1 4 nucleotides in length helps to ensure tiiat the frag- 
ment will be of sufficient length to form a duplex molecule that Is both stable and selective. Such fragments may be 
readily prepared by, for example, directly synthesizing the fragment by chemical means, by application of nucleic acid 
reproduction technology, such as tiie PGR technology of U.S. Patent 4,603,102, r by introducing selected sequences 
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into recombinant vectors for recombinant production. Segments of from 18 to 25, or even 30 to 40 bases, all the way up 
to sizes large enough to encode a complete gene or genes, are also within the scope of this invention. 
[0209] Accordingly, the nucleotide sequences of the Invention are important for their ability to selectiv ly form 
duplex molecules with complementary stretches of the gene. Depending on the application envisioned, varying condi- 

5 tions of hybridization may be employed to achieve varying degree of selectivity of the probe toward the target sequence. 
For applications requiring a high degree of selectivity, relatively stringent conditions may be employed to form the 
hybrids, for exanple, selecting relatively low salt and/or high temperature conditions, such as provided by 0.02M-0.1 5M 
NaCI at temperatures of 50"C to 70**C. These conditions are particularly selective, and tolerate little, if any, mismatch 
between the probe and the template or target strand. 

10 [0210] Of course, for some applications, for example, preparation of mutants employing a mutant primer strand 
hybridized to an underlying template, or to isolate protease or ICP35 coding sequences from related species, functional 
equivalents, or the like, less stringent hybridization conditions are called for in order to allow fornnation of the heterodu- 
plex. In these circumstances, conditions employed would be, e.g., such as 0.15M-0.9M salt, at temperatures ranging 
from 20°C to S&'C. Cross-hybridizing species can thereby be readily identified as positively hybridizing signals with 

IS respect to control hybridizations. In any case, it is generally appreciated that conditions can be rendered nfK>re stringent 
by the addition of increasing amounts of fbrmamide, which serves to destabilize the hybrid duplex in the same manner 
as inaeased temperature. Thus, hybridization conditions can be readily manipulated, and thus will generally be a 
method of choice depending on the desired resuHs. 

[0211] In certain embodiments, it will be advantageous to employ nudeic add sequences of the present invention 
20 in combination with an appropriate means, such as a label, for determining hybridization. A wide variety of appropriate 
indicator means are known in the art. induding radioactive, enzyn^atic or other ligands. such as avidin/biotin, which are 
capable of giving a detectable signal. In preferred diagnostic embodiments, an enzyme tag such as urease, alkaline 
phosphatase or peroxidase, may be employed instead of radioactive or other environmental undesirable reagents. In 
the case of enzyme tags, calorimetric indicator substrates are known which can be employed to provide a means visible 
25 to the human eye or spectrophotometrically. to identify specific hybridization with complementary nucleic acid-contain- 
ing samples. 

[0212] In general, it is envisioned that the hybridization probes descrbed herein will be useful both as reagents in 
solution hybridization as well as in embodiments employing a solid phase. In embodiments involving a solid phase, the 
test DNA (or RNA) is adsorbed or othenvise affixed to a selected matrix or surface. This fixed, single^tranded nucleic 

30 acid is then subjected to specific hybridization with selected probes under desired conditions. The selected conditions 
will depend on the particular drcumstances based on the particular criteria required (depending, for example, on the 
G+C contents, type of target nucleic acid, source of nucleic acid, size of hybridization probe, etc.). Following washing 
of the hybridized surface so as to remove nonspecrfically bound probe molecules, specific hybridization is detected, or 
even quantified, by means of the label. 

35 [0213] One method of making molecules for detection of cell extracts is to use fluorescent probes. Fluorescent 
probes are well known to those skilled in the art. An example of a method is to bind f luorescein-labeled avidin (Vector 
Laboratories. Burlingame, Ca) to a biotin-labeled protein. The signal may be enhanced. 

[0214] The present invention has been described in terms of particular embodiments found or proposed by the 
present inventors to comprise pretended modes for the practice of the present invention. It will be appreciated by those 
40 of skill in the art that numerous modifications and changes can be made in the particular embodiments exemplified with- 
out departing from the invention as defined in the daims. 
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Claims 

30 

1. Use of the 11^.26 open reading frame gene product of Herpes Simplex Virus 1 as a protease. 

2. The use of Claim 1 , wherein said product is a serine protease. 

35 3. The use of Claim 1 or 2, wherein said product comprising an apparent molecular weight of approximately 75kd to 
85kd as determined by SDS-PAGE gel electrophoresis. 

4. The use of Claim 3, wherein said product is further being defined as migrating as essentially a single band after 
preparation in a reticulocyte lysate ribosome system, followed by SDSi^olyacrylamide gel electrophoresis and ^^S 

40 labelling, said band corresponding to an apparent molecular weight of approximately 75-85kd. 

5. The use of a protein product conprising at least the domains II extending from approximately position 10 to 218 
and III extending from approximately position 218 to 306 of the Ul26 open reading frame gene product as shown 
in Fig. 17 as a protease, whereby the protein product is not the entire 11^26 open reading frame gene product. 

45 

6. The use of claim 5 wherein said product is further identified as comprising an amino add sequence of greater than 
306-635 amino acids, and a protease cleavage site located about 18-25 amino acids from the carboxyl terminus. 

7. The use of claim 5 or 6, wherein said product comprises four domains, said domains designated respectively I, II, 
so III and IV, and said domains defined by amino acids sequences included within an amino add sequence character- 
ising the protease. 

8. A method of deaving a herpes molecule, said method comprising treating the molecule with a protease encoded 
by the Ul26 open reading frame. 

55 

9. Use of an inhibitor of the protease encoded by the U^ZS open reading frame for the n^nufacture of a medicament 
for the treatment of a herpes infection. 
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10. The use of claim 9. wherein the herpes infection involves herpes simplex virus type I. 

11 . A method for determining the ability of a candidate substance to modify the action of the protease encoded by the 
Ul26 open reading frame, said method comprising:- 

a) preparing a protease encoded by the 11^26 open reading frame; 

b) combining the protease with the candidate inhibitor substance in a reaction mixture; 

c) introducing into the mixture a substrate capable of being cleaved by the protease; and 

d) determining whether the candidate substance has modified the action of the protease on the substrate; 

12. The method of claim 1 1 , wherein the candidate substance comprises chymostatin, diisopropyl, fluorophosphate or 
phenylmethanesutfonyl fluoride. 

13. The method of daim 11 or 12, wherein the protease is prepared through the application of recombinant genetic 
technology. 

14. The method of claim 13. wherein the protease is prepared by: 

a) preparing an expression vector including at least a nucleic add sequence encoding for the proteolytic 
domain of the entire protease; 

b) placing the expression vector in an appropriate host cell under conditions which pemirt expression of the 
coding sequence; and 

c) collecting the protease from the cell. 

15. The method of any of claims 11-14, wherein it is determined whether the candidate substance has exerted any 
Inhibitory effect upon the action of the protease on the suk>strate. 

PatentansprQche 

1 . Venwendung des Genproduktes des offenen Leserahmens Ui26 des Herpes-Simplex- Virus 1 als eine Protease. 

2. Die Verwendung nach Anspruch 1 , wobei besagtes Produkt eine Serin*Protease isL 

3. Die Venvendung nach Anspruch 1 Oder 2, wobei besagtes Produkt ein scheinbares Molekulargewicht von ungefdhr 
75kd bis 85kd umfa3t, bestinvnt mrt SDS-PAGE-Qelelektrophorese. 

4. Die Venvendung nach Anspruch 3, wobei besagtes Produkt weiter dadurch definiert ist, da3 es nach Herstellung 
in einem Reticulocytenlysatribosomensystem, gefolgt von SDS-Polyacrylamidgelelektrophorese und ^^S-Markie- 
rung. als im wesentlichen eine einzelne Bande wandert, wobei besagte Bande einem scheinbaren Molekularge- 
wicht von ungefahr 75-85kd entspricht. 

5. Die Venwendung eines Proteinproduktes, das wenigstens die Domane II, die sich von ungefahr Position 10 bis 218 
erstreckt, und die Domdne III, die sich von ungefdhr Position 21 8 bis 306 erstreckt, des Genproduktes des offenen 
Leserahmens Ul26, wie dargestellt in Rg. 17, umfaSt, als eine Protease, wobei das Proteinprodukt nicht das voll- 
standige Genprodukt des offenen Leserahmens U[_26 tst. 

6. Die Verwendung nach Anspruch 5, wobei besagtes Produkt weiter dadurch Identif iziert ist, da6 es eine Aminosdu- 
resequenz mit mehr als 306-635 Aminosauren und eine Protease-Spaltstelle, die etwa 18-25 Aminosauren vom 
Carfcx)xylterminus angeordnet ist, umfaBt. 

7. Die Venvendung nach Anspruch 5 Oder 6. wobei besagtes Produkt vier Domanen umfaBt, wobei besagte Domanen 
mit I. II, 111 bzw. IV bezeichnet sind, und besagte Domanen durch Aminosduresequenzen definiert sind. die in einer 
Anunosauresequenz ingeschlossen sind, die die Protease charakterisiert 
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8. Ein Verfahren zum Spalten eines HerpesmolekOls. wobei besagtes Verlahren das Behandein des MolekQIs mit 
einer Protease umfaBt, die durch den offenen Leserahmen Ul26 codiert wird. 

9. Verwendung eines Inhibitors der Protease, die von dem offenen Leserahmen LtL26 codiert wird, zur Herstellung 
5 eines Arzneimittels zur Behandlung einer Herpes- Infektion. 

10. Die Venvendung nach Anspruch 9, wobei die Herpes- Infektion Herpes-Simplex-Virus Typ I betrifft. 

11. Ein Verlahren zur Bestimmung der Fdhigkeit einer Kandidatensubstanz. die Wirkung der Protease zu modif izieren. 
10 die von dem offenen Leserahmen LIl26 codiert wird. wobei besagtes Verfahren umfa3t: 

a) Herstellen einer Protease, die von dem offenen Leserahmen U|_26 codiert wird; 

b) Zuseimmenbringen der Protease mit der Kandidateninhibitorsubstanz in einer Reaktionsmischung; 

15 

c) EinfQhren eines Substrates in die Mischung, das von der Protease gespalten werden kann; und 

d) Bestimmen, obdie Kandidatensubstanz die Wirkung der Protease auf das Substrat modif iziert hat. 

20 12. Das Verlahren nach Anspruch 11, wobei die Kandidatensubstanz ChynrK>statin. Diisopropytfluorphosphat oder 
Phenylmethansulfbnylfluorid umfaBt. 

13. Das Verfahren nach Anspruch 1 1 oder 12, wobei die Protease durch die Anwendung rekombinanter Gentechnolo- 
gie hergestelftwird. 

25 

14. Das Verfahren nach Anspruch 13, wobei die Protease hergestellt wird, indem: 

a) ein Expressionsvektor hergestellt wird, der wenigstens eine Nudeins^uresequenz einschlieBt. die fOr die 
proteolytische Domdne der gesamten Protease codiert; 

30 

b) der Expressionsvektor unter Bedingungen. die die Expression der Codierungssequenz erlauben, in eine 
geeignete Wirtszelle gebracht wird; und 

c) die Protease aus der Zelle gesammelt wird. 

35 

1 5. Das Vertehren nach einem der Anspruche 1 1 bis 1 4, wobei bestimmt wird, ob die Kandidatensubstanz irgendeinen 
inhibitorischen Effekt auf die Wirkung der Protease auf das Substrat ausgeubt hat. 

Revendlcatlons 

40 

1 . Utilisation du produit g^nique k cadre de lecture ouvert Ul26 du virus Herpes Simplex 1 en tant que protease. 

2. Utilisation selon la revendicatton 1 , dans laquelle ledit produit est une s^ine protdase. 

45 3. Utilisation selon la revendication 1 ou 2, dans laquelle ledit produit comprend un poids nfX)l6culaire apparent 
approximatif de 75 kD d 85 kD. tel que d6termin6 par 6lectrophor6se sur gel SDS-PAGE. 

4. Utilisation selon la revendicatton 3, dans laquelle ledit produit est en outre d^ini comme migrant pratiquement sous 
la Idrme d'une bande unique apr^s preparation dans un syst^me ribosomique de lysat de r^tculocytes, suivie 

50 d'une ^lectrophor^se sur gel de polyacrylamide - SDS et marquage au ^^S, ladite bande correspondent k un poids, 
mol^culaire apparent approximatif de 75 k 85 kD. 

5. Utilisation d'un produrt prot6inique comprenant au moins les domaines II s*6tendant approximativement des posi- 
tions 1 0 ^ 21 8 et III s'^tendarrt approximativement des positions 218 ^ 306 du produit g§nique k cadre de lecture 

55 ouvert Ul26 tel que repr^sentd sur la Rgure 1 7, k trtre de protease, en cons^uence de quoi le produit prot^inique 
n' St pas 1 produit g6nique k cadre de lecture ouvert U|_26 entier 

6. Utilisation selon la revendication 5, dans laquelle ledit produit est en outre identifi^ comme comprenant une 
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sequence d'addes amines ayant plus de 306 k 635 acides aminds, et un site de coupure par une protease srtud k 
environ 18 d 25 acides amines par rapport k Textr^mit^ terminale caitoxyle. 

7. Utilisation selon ta revendication 5 u 6, dans laquelte ledtt produit conprend quatre domaines, lesdits domaines 
5 6tant d6sign6s respectivement 1, II. Ill et IV, et lesdits donnaines 6tant d^inis par des s^uences d'acides amines 

englobdes k Tint^rieur d'une sequence d'addes amines caractdrlsant la prot6ase. 

8. Proc^6 de coupure d'une molecule d'herp&s. ledit proc6d6 comprenant le traitement de la molecule avec une pro- 
tease cod6e par le cadre de lecture ouvert U|^26. 

10 

9. Utilisation d'un inhibiteur de la protease cod^e par le cadre de lecture ouvert \J\2S pour la fabrication d'un medica- 
ment destine au traitement d'une infection par herpes. 

10. Utilisation selon la revendication 9, dans laquelle I'infection par herpes met en jeu le virus Herpes Simplex de type I. 

15 

1 1 . Precede pour detenminer i'aptitude d'une substance candidate k modifier I'action de la protease codee par le cadre 
de lecture ouvert Ui_26, ledit precede comprenant : 

a) la preparation d'une protease codee par le cadre de lecture ouvert U|^26 ; 
20 b) la combinaison de la protease avec la substance inhibitrice candidate dans un melange reactionnel ; 

c) Untroduction dans le melange d'un substrat susceptible d'etre coupe par la protease ; et 

d) la determination du fait que la substance candidate a ou non mod'rfie Taction de la protease sur le substrat. 

12. Precede selon la revendication 1 1 , dans lequel la substance candidate comprend la cfiymostatine, le diisopropyle, 
25 un f luorophosphate ou le fluorure de phenylmetfianesutfonyle. 

1 3. Precede selon la revendication 11 ou 1 2, dans lequel la protease est preparee par I'application d'une technique de 
recombinaison genetique. 

30 14. Precede selon la revendication 13, dans lequel la protease est preparee par : 

a) preparation d'un vecteur d'expression comprenant au moins une sequence d'addes nucieiques codant le 
domaine proteolytlque de la protease entiere ; 

b) disposition du vecteur d'expression dans une cellule fidte appropriee dans des conditions qui permettent 
35 I'expression de la sequence codante ; et 

c) recueil de la protease e partir de la cellule. 

15. Precede selon Tune quelcenque des revendications 11^14, dans lequel il est determine si la substance candidate 
a ou non exerce un quelcenque effet inhibiteur sur Taction de la protease sur le sut>strat 

40 
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